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Abstract
Members of the Mycobacterium tuberculosis complex, M. tuberculosis, M. bovis, M. 
microti, M. canettii and M. africanum, share over 99.9% identity at the DNA level. 
However, several recent studies have shown that there is considerably more genomic 
variation within the species when the organisation of the entire genome is considered, 
rather than primary sequences of individual genes. Therefore, to uncover the genomic 
variation within the species, one of the aims of this project was to compare the 
genome of several strains of M. tuberculosis, M. africanum, M. bovis (human and 
cattle isolates) and M. bovis BCG (Pasteur) using the M. tuberculosis H37Rv DNA 
microarray.
The Beijing family of strains within the M. tuberculosis complex has been frequently 
associated with outbreaks of tuberculosis. Furthermore, several recent studies have 
shown that there are considerable selective advantages of the Beijing strains such as 
multidrug-resistance, higher adaptability to exposure to antituberculosis drugs and 
more infectivity in patients in countries such as China and Russia. The aim of this 
project was to understand the molecular basis for differences in virulence and 
infectivity amongst M. tuberculosis Beijing strains. The specific aims of the project 
were:
(i) To investigate gene expression in response to stress conditions in the 
Beijing 94-1576 and Beijing 94-1707 strains.
(ii) To investigate in vivo phenotypes of the Beijing 94-1576 and Beijing 94- 
1707 strains.
xiii
Comparative genomics was used to identify deletions of the RD1-RD14 regions as 
defined in M. bovis BCG. Regions of difference (RD) were used to reveal an 
evolutionary pathway for members of the M. tuberculosis complex and from this 
study, the presence of RD9 in one of the M. bovis isolated from cattle revealed a 
divergence from the published evolutionary pathway.
It was anticipated that the selection of the M. tuberculosis strains from different 
sources might help uncover associations between genotype and host specificity in 
addition to exploring the scope o f genotypic diversity. The M. tuberculosis isolates 
from India and different geographical areas such as Tanzania, Vietnam and Argentina 
did show a wide variation in the number, size and distribution of deletions.
The Beijing strains showed a specific pattern of genomic variability with each having 
four large deletions compared to H37Rv. The genotypic characteristics of the Beijing 
family are (i) absence o f the TbDl region, (ii) polymorphisms in the Rv3135 gene, the 
katG*63CTG (Leu) and gyrA95ACC (Thr) alleles and (iii) transposase insertion in the 
dnaA-dnaN and NTF-1 regions. In this study, the Beijing genotyping was performed 
and did confirm that the 94-1576 and 94-1707 strains were Beijing strains.
The DNA microarray technique is only informative in detecting deletions that are 
present in the test strains compared with the reference strain H37Rv. To overcome 
this limitation, the subtractive hybridisation technique was applied and was able to 
identify a diverse polyketide synthase gene in the Beijing 94-1576 and Beijing 94- 
1707 strains.
xiv
A study on gene expression in response to environmental stress conditions was 
performed to understand the influence of genome differences on gene regulation in 
H37Rv, Beijing 94-1576 and Beijing 94-1707. Using this, it proved possible to 
identify a number of significant differentially expressed genes involved (i) in 
oxidative and low pH stress for H37Rv, (ii) in oxidative and low pH stress for Beijing 
94-1576, (iii) low pH and nitrosative stress for Beijing 94-1707.
Finally, a number of experiments were done to investigate phenotypic differences 
between H37Rv, Beijing 94-1576 and Beijing 94-1707. This was done with a view to 
understand why the Beijing strains have become so successful in spreading across the 
world. In the initial stage of growth in the Balb/C mice, H37Rv, Beijing 94-1576 and 
Beijing 94-1707 grew progressively until day 28 before differences were seen 
between the strains. Infection in the human monocytic cell line THP-1 showed that 
the mycobacterial load of both Beijing 94-1576 and Beijing 94-1707 was higher than 
H37Rv. However, in C57BL/6 mice and murine bone marrow derived macrophages, 
the mycobacterial load of Beijing 94-1707 was significantly lower than H37Rv and 
Beijing 94-1576.
xv
Chapter One: Introduction
1.1 Tuberculosis
Tuberculosis is caused by strains of Mycobacterium tuberculosis and kills more people 
than any other single infective agent. Over the past 40 years, antibiotics and 
vaccination have kept the disease under control, at least in the developed world. 
However, control measures have been seriously challenged by the association of M. 
tuberculosis infection with HIV infection, the emergence of mutants resistant to 
existing drug regimens, the failure of the vaccine BCG to confer protection in at least 
some parts of the world, and the widespread global migration brought about by war 
and socio-economic breakdown.
1.1.1 Classification of the Mycobacterium tuberculosis complex
Mycobacterium tuberculosis is a slow-growing intracellular pathogen. It survives and 
replicates within cells of the host immune system, primarily macrophages. Together 
with M. africanum, M. bovis, M. canettii and M. microti, these bacteria are referred to 
as the Mycobacterium tuberculosis complex. Strains of the M. tuberculosis complex 
with characteristics between M. tuberculosis and M. bovis have been assigned to M. 
africanum. M. africanum originated in Africa and causes tuberculosis in humans.
Members of the complex are highly related, having 99.9% homology at the DNA level 
but differing in host range and pathogenicity. These species are traditionally
1
characterized on the basis of a set of tests of microbiological and biochemical 
phenotypes. A brief description for differentiation of Mycobacterium species based on 
growth rate and pigmentation is shown in Figure 1.1.
It has been reported that different isolates of M. tuberculosis differ in virulence, as 
measured by growth in animal models and/or macrophage cultures. A comparative 
virulence study in guinea pigs of South Indian strains of M. tuberculosis showed these 
strains to be less virulent than British strains (Mitchison et al., 1960). In a comparative 
intracellular growth study, a Beijing strain (strain 210) was reported to grow 
significantly faster than other strains of the M. tuberculosis (Zhang et a l , 1999). The 
molecular basis for these differences is not understood.
I believe that genomic analysis and studies of gene expression will provide me with a 
wealth of new information on phenotypic differences and strain-specific virulence 
factors of the M. tuberculosis.
1.1.2 Mycobacterium bovis
M. tuberculosis and M. bovis are considered separate species within the M. 
tuberculosis complex but the differences in pathogenicity between these strains are not 
clear cut. M. bovis is the causative agent of bovine tuberculosis but can also cause
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Mycobacterium species
Slow growers (>7 days) Rapid growers (<7 days)
M. fortuitum complex 
M. fortuitum 
M. chelonae 
23 other species
Nonpigmented Pigmented
tuberculosis complex:
tuberculosis
bovis
bovis BCG 
canettii 
microti 
africanum
M. avium complex 
M. terrae 
M. gordonae 
M. scrofulaceum 
M. kensasii 
M. marinum 
M. simiae
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disease in humans. Vaccination with live attenuated M. bovis BCG (bacille Calmette- 
Guerin) has been used for more than 50 years in many parts of the world to protect 
against infection with M. tuberculosis.
1.1.2.1 Mycobacterium bovis BCG
Calmette and Guerin developed the BCG vaccine in the early 1900s after 230 passages 
of a virulent M. bovis isolate. At present, there are several BCG substrains; Pasteur, 
Glaxo, Copenhagen, Moreau, Russian and Tokyo. Molecular typing resulted in 3 
families, based on variability in ISb/10-typing and the presence of the mpt64 gene 
(Behr & Small, 1999). These families correspond with strains obtained from the 
Pasteur Institute in 1924-26 (IS6110-2/mpt64+), 1926-31 (IS6110-\/mpt64+), and 
1931 or later (ISb/10-l/mpt64-). This demonstrates that BCG has undergone genetic 
changes since 1921, including deletions, duplications and a single nucleotide 
polymorphism (Behr, 2001).
During the serial passage of the M. bovis progenitor strain, which was used to produce 
BCG, attenuation must have been caused by mutations in the genome of the bacillus. 
Regions of difference (RD) representing the loss of genetic material, termed RD1- 
RD14, have been identified in the genome of M. bovis BCG Pasteur (Figure 1.2). 
RD1, RD2 and RD3 were identified as being deleted in M. bovis BCG yet present in 
M. bovis and M. tuberculosis (Mahairas et al., 1996). It is now thought that the 
deletion of the RD1 region is the reason for the original attenuation of BCG (Lewis et 
al., 2003).
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Sequencing of the genomes of M. bovis and M. tuberculosis has revealed that M. bovis 
has a smaller genome than M. tuberculosis. The difference is the consequence of loss, 
because the deletion sites can be identified, sequenced and mapped onto the genome of 
H37Rv (Cole, 2002). M. bovis is subdivided into five distinct genotypes based on 
polymorphisms at the pncA and oxyR loci, the status of the region of difference RD5, 
and the spoligotype patterns (Sales et al., 2001). RD5 is the mpt40 element, a 3-kb 
fragment encoding a section of a phospholipase C enzyme (Gordon et al., 1999).
Two tandem duplications, DU1 and DU2, of 29.7 kb and 36.2 kb respectively were 
revealed in BCG Pasteur substrain (Brosch et al., 2000). Although the role of DU1 and 
DU2 in the attenuation and/or altered immunogenicity of BCG are unknown, its 
existence will facilitate quality control of BCG vaccine lots and may help in 
monitoring the efficacy of the vaccine.
From the molecular typing methods, nine BCG substrains are segregated into two 
groups by IS6110 fingerprinting, or four groups by variable number tandem repeats 
(VNTR) typing but seven groups when both analyses are combined (Frothingham & 
Meeker-O'Connell, 1998). With the introduction of molecular typing, it was expected 
that there would be changes in the WHO-recommended typing system (Table 1). In 
fact, there is a proposal for alteration in the definition of M. bovis and other strains 
within the M. tuberculosis complex (Grange, 2001) to include host range and 
pathogenicity.
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RD8
(Rv3617-Rv3623)
RD6
(Rv3424c-Rv3429)
RD12 
(Rv3117-Rv3121)
RD11 
(Rv2645- R v2659c)
RD1
(Rv3871 -Rv3879c)
RD10 
(Rv0221 -Rv0222)
Mycobacterium bovis 
BCG Pasteur
RD5 —
(Rv2346c- R v2353c)
(Rv2073c-Rv2075c)
RD13 
(Rv1255c-Rv1257c)
RD4
(Rv1505c-Rv1516c) 
RD3
(Rv1571-Rv1586c)
R D M  
(Rv1765c-Rv1773c)
RD2 —  
(Rv1978-Rv1988)
RD7
(Rv1964-Rv1977)
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Table 1: WHO-recommended typing system for M. tuberculosis, M. africanum and M. bovis
Species and 
variant
Nitratase
activity
Oxygen 
preferencesa
Pyrazinamide
susceptibility
Pyrazinamidase TCH b
susceptibility
M. tuberculosis 
Classical 
Asian variant
Positive
Positive
Aerobic
Aerobic
Sensitive
Sensitive
Positive
Positive
Resistant
Sensitive
M. africanum 
Type I 
Type II
Negative
Positive
Microaerophillic
Microaerophillic
Sensitive
Sensitive
Positive
Positive
Sensitive
Sensitive
M. bovis 
Classical 
BCG
Negative
Negative
Microaerophilic
Aerobic
Resistant
Resistant
Negative
Negative
Sensitive
Sensitive
* Determined from surface or deep growth in semi-solid medium 
bTCH, thiophen-2-carboxylic acid hydrazide 
This table was adapted from Grange (2001).
1.1.3 Mycobacterium tuberculosis strains
A substantial diversity of M. tuberculosis genotypes is isolated from tuberculosis cases 
across the world. The comprehensive comparison based on a genome-wide scans 
between M. tuberculosis H37Rv and CDC1551 suggests that polymorphisms between 
M. tuberculosis strains may be more extensive than initially anticipated (Fleischmann 
et a l , 2002). This suggests that factors such as polymorphism have a great value in 
human colonization, infectivity, and virulence among these M. tuberculosis genotypes.
1.1.3.1 The Beijing strains
Reports have indicated that the Beijing strains of M. tuberculosis are more readily 
transmitted and ultimately more successful in causing infections and disease. The most 
studied and widely distributed members of the Beijing family are designated 210 
(Yang et al., 1998), W (Moss et al., 1997) and W variants (Bifani et al., 1999). The
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mechanism underlying the successful outbreaks of the Beijing strains remains 
unknown but could be due to their ability to replicate more successfully in human 
macrophages (Zhang et al., 1999) and its virulence may be the result in part from 
mutation in DNA repair enzymes (Rad et al., 2003).
Members of the Beijing family share many characteristics, similar IS6110 fingerprint 
patterns consisting of 16 to 23 bands (Bifani et al., 2002; Kurepina et al., 1998; van 
Crevel et al., 2001; van Soolingen et al., 1995) showed that members of the Beijing 
family share similar spoligotype patterns and DNA polymorphisms associated with 
other repetitive DNA elements such as IS 67 7 0-restriction-fragment-length 
polymorphism (RFLP), polymorphic-GC-rich sequence (PGRS) and VNTR. Thus 
there are a number of genotypic markers, which associate with these strains, but no 
molecular basis for their success in transmission and causing disease has been 
identified.
1.1.3.2 The India strains
About 20% of the global tuberculosis burden is from India (WHO, 2004). There are 
speculations on phenotypic properties of India strains, which facilitate a prevalence of 
these India strains as had occurred with the Beijing genotype in the Beijing region (van 
Soolingen et al., 1995). The successful dissemination of Indian strains could be due to 
selective forces such as usage of mycobacterial drugs and the long BCG vaccination 
programme in India (Bhanu et al., 2002).
A few studies on India strains have been undertaken using IS6770-RFLP 
(Radhakrishnan et a l , 2001), direct repeats (DR)-RFLP using pTBN12 probe 
(Sahadevan et al., 1995) and spoligotyping (Narayanan et a l , 1997). A substantive 
degree of polymorphism was evident with a minority of strains harboured a single 
IS6110 element, and in these studies actually only a couple of strains belonged to the 
Beijing genotype.
1.1.4 Mycobacterium africanum
M. africanum strains show higher degrees of variability in their phenotypic and 
biochemical characteristics. These characteristics comprise of M. tuberculosis and M. 
bovis. There are two major subgroups corresponding to their geographical origins in 
West Africa or East Africa (Niemann et a l , 2002). M. africanum represent 10% of 
clinical strains from patients with pulmonary tuberculosis in Cameroon (Niobe- 
Eyangoh et al., 2003).
1.2 Molecular epidemiology and evolutionary genetics
The substantial diversity of patterns among members of the strains suggests that the 
chance occurrence of identical fingerprints among unrelated strains would be unusual. 
The use of fingerprinting analysis to identify the phylogeny of the strains is based on 
the principle that epidemiologically unrelated strains will have occurred as a result of 
mutation or rearrangement in the genome of the strain and thus have unique patterns, 
whereas strains that are linked as a consequence of same infection will have the same 
patterns.
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An evolutionary scenario of M. tuberculosis complex is proposed based on deletion 
region typing (Brosch et al., 2002). However, Sola et al. (2003) suggested ‘ancestral’ 
M. tuberculosis strains (the East-Affican Indian family) might have preceded the M. 
africanum-M. bovis divergence in the evolutionary history of M. tuberculosis complex. 
A combined numerical analysis of spoligotyping, VNTR and mycobacterial 
interspersed repetitive units (MIRU) typing results partly corroborated the diverged 
evolutionary scenario for the M. tuberculosis complex (Sola et al., 2003). In this 
scenario, M. canettii would be the first branch to have diverged from a common M. 
tuberculosis complex ancestor. The East-African Indian family could be the first 
family to have diverged thereafter. A third branching separated a M. africanum-M. 
bovis family, followed by a node separating Beijing versus non-Beijing M. 
tuberculosis. The Beijing family was distinct from the Central Asian family. Among 
non-Beijing strains, branches such as the Latin-American and Mediterranean, 
European (highly prevalent in the United States and United Kingdom) and Harleem 
families were diverged at a later time.
The introduction of molecular methods has gained increased acceptance as a tool in 
conjunction to conventional epidemiology of tuberculosis. Several molecular tools 
need to be employed to identify the contribution of various genes to hypothesise an 
evolutionary scenario for the M. tuberculosis complex.
1.2.1 Restriction-fragment-length polymorphism analysis
The presence of repetitive genetic insertional elements in M. tuberculosis permits the
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identification of individual strains by DNA fingerprinting with restriction-fragment- 
length polymorphism (RFLP) analysis. This can be used to demonstrate the 
transmission of particular M. tuberculosis strains in outbreaks of tuberculosis. 
Investigations of numerous outbreaks have demonstrated that epidemiologically linked 
strains of M. tuberculosis have identical RFLP patterns, whereas unrelated strains have 
differing patterns. In the Netherlands, where the incidence of tuberculosis is declining, 
all epidemiologically unrelated M. tuberculosis isolates have unique fingerprints (van 
Soolingen, 2001).
International consensus on the IS6770-RFLP method for M. tuberculosis genetic 
epidemiology was obtained more than 10 years ago (van Embden et a l , 1993). Despite 
standardization, the RFLP analysis has problems, which hinders global population- 
based epidemiological studies. Moreover, increasing knowledge of the worldwide 
genetic variability of M. tuberculosis has shown that the IS6770-RFLP cannot be 
universally applied as a sole method, as strains widespread in south-east Asia contain 
either small numbers of IS6770 generating simple RFLP profiles (Cowan et a l , 2002) 
or high numbers of IS<5770 generating complex RFLP profiles (Bifani et a l , 2002).
1.2.2 Spoligotyping and variable number tandem repeats
Spoligotyping assays the presence or absence of a set of target sequences in the direct 
repeat (DR) locus by line-blot hybridisation (Kamerbeek et a l , 1997). Strains are 
differentiated on the basis of 43 specific DR sequences.
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The resulting genotype has a simple binary format, which leads to large databases 
intended to facilitate recognition of moving and expanding clones of M. tuberculosis 
(Filliol et al., 2003). Major families of M. tuberculosis were identified from the 
spoligotyping; East Affican-Indian, Beijing, Haarlem, Latin American and 
Mediterranean, Central Asian and European families.
However, spoligotyping remains unfortunately less discriminatory than ISd/70-RFLP 
when used alone (Kremer et al., 1999). Nevertheless, it has been shown that the 
discriminatory power was improved when spoligotyping was combined with another 
method based on PCR amplification of five loci containing VNTRs (Filliol et al., 
2003). Genetic loci containing VNTRs form the basis for human genetic mapping. 
There are 11 major VNTRs identified in the M. tuberculosis type strain H37Rv. DNAs 
from strains of the M. tuberculosis complex were amplified with multiplex primers for 
VNTRs to determine the number of tandem repeats at each locus in each strain 
(Frothingham & Meeker-O'Connell, 1998).
1.2.3 Mycobacterial interspersed repetitive units
Another reproducible and fast genotyping system, which generated numerical 
genotypes was developed. This system was based on 12 minisatellite-like loci 
containing VNTRs of mycobacterial interspersed repetitive units (MIRUs), (Supply et 
a/., 2001).
MIRU typing could efficiently discriminate IS6110 low-copy number isolates (Cowan
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et al., 2002; Lee et al., 2002). Moreover, analysis of different groups of 
epidemiologically linked M. tuberculosis isolates indicated that the stability of MIRU- 
VNTRs is adequate to track outbreak episodes, laboratory cross-contamination or 
relapses (Mazars et al., 2001; Savine et al., 2002).
1.3 Insertion sequence elements
A large collection of insertion sequence (IS) and repetitive elements are present in the 
genome of M. tuberculosis H37Rv and other related species. They contributed over 70 
kb of genome sequence of M. tuberculosis H37Rv (Cole et al., 1998). Among the IS 
elements identified in mycobacteria are IS3, IS5, IS27, IS30, IS 110, IS256, IS7535 and 
ISL3 with some IS fitting no previous classification.
1.3.1 1S6110
IS6110 is a member of the IS3 family and usually present in multiple copies in the 
genome. IS elements can provoke a variety of chromosomal rearrangements as well as 
deletions (Mahillon & Chandler, 1998). IS<5770 elements are nearly identical in 
sequence, but their copy number and location in the genome varies leading to RFLP 
patterns (van Embden et a l,  1993).
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There are 16 copies of IS6770 in M. tuberculosis H37Rv, four copies in M. 
tuberculosis CDC1551 (Fleischmann et al., 2002) but only one or two copies in M. 
bovis BCG substrains (van Soolingen et al., 1994). Distribution of IS elements in the 
physical map of M. tuberculosis H37Rv is shown in Figure 1.3.
Homologous recombination between nearby copies of IS6110 may result in genomic 
deletions and can be a mechanism for generating genomic diversity (Fang et a l,  1999). 
It was shown IS6110 provides a promoter sequence for the transcription of the ctpD 
gene (Beggs et al., 2000). Nevertheless, many of the ISd/70-disrupted genes belong to 
multiple gene families (Sampson et al., 1999), and eventual knockouts of one 
particular gene would probably have little or no effect on cell survival. On the other 
hand, a recent study (Safi et al., 2004) showed IS6770 upregulates expression of 
several genes during growth in human monocytes.
1.3.2 Prophage-like elements
Recent genome comparison and sequencing efforts have shed new light on the nature 
of prophage-like elements phiRvl and phiRv2 in M. tuberculosis strains. Prophage­
like elements have unique and recognizable transposase genes. A prophage RD3 region 
in M. bovis (Mahairas et al., 1996) was later characterized as prophage phiRvl in 
strain H37Rv (Cole et a l, 1998), which is associated with REP13E12 family of repeats 
(Gordon et al., 1999). Prophage-like elements are absent in some of the clinical M. 
tuberculosis isolates, M. tuberculosis CDC1551, M. bovis and M. bovis BCG (Gordon 
et a l,  1999). It seems probable that prophage-like elements are capable of integration
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and excision.
1.4 Defensive mechanisms of M. tuberculosis
M. tuberculosis is an intracellular pathogen that survives and replicates within the cells 
of the host immune system, primarily macrophages. Alveolar macrophages constitute a 
critical growth niche, as evidenced by the attenuation of the disease after aerosol 
infection of mice whose macrophages were depleted by biphosphonate liposome 
treatment (Leemans et al., 2001). The macrophages form granulomas at the site of 
bacterial replication (Kaufmann, 2001). These granulomas comprise macrophages as 
well as different T cell populations. Macrophages are the effector cells and T 
lymphocytes the specific mediators of acquired resistance against tuberculosis. M. 
tuberculosis has evolved various mechanisms to interfere with the innate immune 
defences of macrophages and the discussion will only focus on some these 
mechanisms
In the study of M. avium infection, bacterial growth is monitored in the Balb/C and 
severe combined immunodefiency (SCID) mice (Fattorini et al., 1999). In Balb/C 
mice, granulomas are formed and bacterial growth in the spleens is controlled. This 
suggests that an intact immune response of Balb/C mice can efficiently control M  
avium tuberculosis infection. Meanwhile in SCID mice which are incapable of 
generating a antigen-specific immune response, a low recruitment of mononuclear cells 
is observed.
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In a study of different antigen compositions of M. tuberculosis, bacterial growth is 
monitored in C57BL/6 mice and isogenic, gamma interferon knockout (EFN-y'7') mice 
(Shi et al., 2004). Initial sustained exponential growth is observed in the lungs of the 
infected C57BL/6 mice. Further bacterial multiplication is prevented by expression of 
adaptive, Thl-mediated host immunity leading to chronic infection. In contrast, 
bacterial cell numbers steadily increased in the lungs of IFN-y'7' mice until the mice 
died.
1.4.1 Inhibition of phagolysosomal fusion
M. tuberculosis survives within the macrophages of the host. This involves modulating 
the normal progression of the phagosome into an acidic, hydrolytically active 
compartment, thus avoiding the development of a localised, productive immune 
response that could activate the host cell.
The modulation of host cell function is dynamic, requiring viable bacteria. This is 
known from the study of the interaction between M. tuberculosis and murine 
macrophages (Armstrong & Hart, 1975). Although tubercle bacilli are known to be 
taken up, macrophage type, alveolar versus monocyte, and differences among strains of 
M. tuberculosis activating complement and lipoarabinomannan have a role in 
determining the dominant receptor used for uptake (Schlesinger et a l , 1996).
Mycobacteria remain within phagosomes and do not penetrate into cytoplasm 
(Clemens et a l, 2002). The mycobacterial phagosome is at an elevated pH of 6.3 to 6.5
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(compared to the normal lysosomal pH of 4.5). It was proposed (Raynaud et al., 2002a) 
that the expression of the OmpATb gene maintains this elevated pH in mycobacterial 
phagosomes.
Significant progress has been made in identifying the endosomal-lysosomal 
constituents. One of these is vacuolar ATPases (Sturgill-Koszycki et al., 1994) 
required to maintain the acidic environment of the lysosomal vacuoles. The exclusion 
of vacuolar ATPase proton pumps from phagosomes containing live M. tuberculosis 
and M. avium (Xu et al., 1994) is a factor in keeping the tubercle bacilli alive in 
infected macrophages.
The mycobacterial phagosome distinguishes itself by retaining various cellular proteins 
preventing maturation and fusion with lysosomes. Biochemical analysis of isolated 
vacuoles containing live M. tuberculosis showed these phagosomes have acquired 
cathepsin D (Ullrich et al., 1999) and iron (Olakanmi et al., 2004) from the 
biosynthetic pathway of the host cells.
Studies describing the characteristics of the endosomal-lysosomal constituents revealed 
an interesting feature of host factors such as GTPases of the Ras family (Clemens et 
al., 2000; Via et al., 1997) and protein caronin 1 (TACO), (Ferrari et al., 1999) and the 
M. tuberculosis glycosylated phosphatidylinositol (Fratti et al., 2003). This provides a 
possibility for the inhibition of mycobacteria-containing phagosomes to fuse with 
lysosome.
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1.4.2 Neutralization of macrophage effectors molecules
The activated macrophages produce critical effectors molecules such as reactive 
oxygen intermediates (ROI) and reactive nitrogen intermediates (RNI) against 
mycobacteria. Neutralization of effectors molecules within the mycobacterial 
phagosome represents a means by which M. tuberculosis survives.
1.4.2.1 Inhibition of nitric oxide synthase recruitment to phagosome
Production of nitric oxide (NO) through the expression of the inducible nitric oxide 
synthase (iNOS) is effective in killing of Mycobacterium spp. (Rhoades & Orme, 
1997). Furthermore, the efficacy of nitric-oxide-mediated killing of Mycobacterium 
spp. is enhanced by the acidification of the Mycobacterium-containing phagosomes in 
the activated macrophages.
Higher susceptibility to infection in iNOS inhibitor-treated or iNOS knockout animals 
implicates NO as an important effector molecule responsible for M. tuberculosis 
clearance in mice (MacMicking et al., 1997; Shiloh & Nathan, 2000). In the early 
study of murine macrophages (Ding et a l , 1988), iNOS is known to be a major 
effector mechanism responsible for the antimycobacterial activity of interferon (IFN-y 
and IFN-a), while a recent study (Miller et al., 2004), showed that intracellular 
localization o f iNOS is inhibited in phagosomes of M. tuberculosis-infected murine 
macrophages.
19
It was demonstrated that the activation of Toll-like receptor 2 (TLR2) leads to killing 
of intracellular M. tuberculosis in both human and murine macrophages (Thoma- 
Uszynski et al., 2001). They suggested that the NO-dependent pathway mediates 
killing in murine macrophages. Initially this is considered controversial since in human 
macrophages it is independent of this pathway. However, the role of NO in 
mycobacterial killing has been supported by in vitro studies with M. tuberculosis- 
infected human monocytes (Denis, 1991) and alveolar macrophages (Nozaki et al.,
1997).
1.4.2.2 Resistance to killing by reactive oxygen intermediates
Another important effector molecule is reactive oxygen intermediates (ROI). There are 
studies that revealed the mycobacterial components such as potent oxygen radical 
scavengers (Chan et al., 1991; Chan et al., 1989) interfered with the oxygen radical- 
dependent antimicrobial mechanism of macrophages (Chan et al., 2001).
It was hypothesised that the presence of superoxide dismutases at the periphery and 
also extracellularly could protect M. tuberculosis from superoxides generated by host 
macrophages (Wu et al., 1998). Superoxide dismutases are initial components of the 
cellular defence against ROI resulting from univalent reduction of oxygen molecules.
Molecular oxygen is released during the electron transfer of NADPH to NADPH- 
oxidase. This was shown from an infection study with M. tuberculosis; mice incapable 
of making NADPH-oxidase are slightly susceptible compared to wild-type mice
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(Cooper et al., 2000).
Another possibility is that mycobacterial proteasome ATPase has a protective role 
against ROI and RNI (Darwin et al., 2003). It is thought that proteasomes have no 
functions in bacteria, while in Escherichia coli, the intracellular proteolysis is carried 
out by other ATP-dependent, compartmentalized proteases of the ClpAP/XP, HslUV, 
FtsH, and Lon families (Wawrzynow et al., 1996; Wawrzynow et al., 1995). M. 
tuberculosis is unusual for a bacterium because it lacks HslUV and Lon (Cole et al.,
1998). The results of Darwin et al. (2003) provide evidence that mycobacterial 
proteasome ATPase protects M. tuberculosis against oxidative or nitrosative stress 
condition.
1.4.3 Mechanisms interfering with adaptive immune functions
It has long been known that macrophages infected with Mycobacterium spp. are 
attenuated in their capacity to induce a cellular immune response, with respect to both 
bacterial antigens and exogenous antigens added to infected macrophages. Infected M. 
tuberculosis induced macrophages to produce cytokines that inhibit T cell functions. 
The primary signal for cytokine release by macrophages may be recognition of 
pathogen-associated molecular patterns (PAMPs) by Toll-like receptors (TLRs). 
Among the 10 known TLR’s expressed by macrophages, TLR2 and TLR4 recognize 
M. tuberculosis-?AMPs (Brightbill et al., 1999; Means et al., 1999 ).
M. tuberculosis infection persists in the face of significant amounts of EFN-y present in
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infected individuals in the granuloma itself (Fenhalls et al., 2002). The observation that 
IFN-y is present at sites of M. tuberculosis infection suggests that the inability of the 
immune response to eradicate M. tuberculosis is a consequence of a limited response, 
rather than defective production of IFN-y. However, M. tuberculosis do exerts gene- 
selective inhibition of transcription responses to IFN-y (Kincaid & Ernst, 2003).
Several studies have demonstrated that cytokine secretion is correlated with the 
virulence of mycobacteria. The relative virulence of different strains of M. avium has 
been linked to their capacity to induce proinflammatory cytokines from macrophages 
(Tse et al., 2002). Meanwhile, different mycobacterial strains induce differential 
expression of interleukin IL8 in human monocytes (Song et al., 2003). In addition, 
virulent strains of mycobacteria are found to activate more tumour necrosis factor 
(TNF) production in alveolar macrophages than did attenuated strains (Engele et al., 
2002).
Mycobacterial proteins are released from phagosomes and subsequent trafficking 
within macrophages may have intersected the antigen-processing pathway of the 
macrophages. These proteins; fibronectin attachment protein and proteins of the 
antigen 85-kDa complex, are identified among mycobacterial proteins released from 
the mycobacterial phagosomes (Beatty & Russell, 2000).
1.4.4 Mechanisms enhancing apoptosis of host cells
Since 1994, host macrophages apoptosis, and not necrosis, has been linked to killing of
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intracellular mycobacteria (Molloy et al., 1994). Later, M. tuberculosis-induced 
apoptosis in primary macrophages in vitro was found to be mediated by TNF. There is 
evidence for the involvement of caspase 9 and caspase 3 in this process (Weinrauch & 
Zychlinsky, 1999), but little is known about the signaling pathways that regulate the 
fate of infected macrophages.
M. tuberculosis strains H37Rv and H37Ra induced comparable amounts of TNF-a and 
promote human alveolar macrophages apoptosis (Keane et al., 1997). In addition, both 
responses of TNF-a and IL-10 to M. tuberculosis infection in primary human alveolar 
macrophages have been shown not to be correlated with mycobacteria virulence 
(Keane et al., 2000).
Naive primary macrophages are resistant to TNF cytotoxicity but become primed for 
TNF death signals when infected with attenuated strains of M. tuberculosis and related 
mycobacteria (Riendeau & Komfeld, 2003). Hence, interference with TNF death 
signaling may be a virulence mechanism that allows M. tuberculosis to circumvent 
innate defences leading to apoptosis in infected host cells.
1.5 Aims of the study
Where the sequences of individual genes from different clinical isolates of M. 
tuberculosis have been compared they have been found to be highly conserved. 
However, when the overall organisations of the genomes are compared there is 
considerable diversity based on large rearrangements and deletions. The overall aim of
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this study is to analyse the differences in the success of one strain over another based 
on genome organisation and gene expression.
In chapter three, DNA microarray analysis was used to investigate variations in the 
genomes of different clinical isolates of M. tuberculosis. Two isolates which belong to 
the Beijing family of M. tuberculosis were selected for further study. The genomic 
organisation of these two strains has been investigated in more detail, in comparison to 
the laboratory strain H37Rv.
In chapter four, the microarray approach has also been used to compare the responses 
of the two Beijing strains with those of H37Rv, following exposure to a variety of 
environmental conditions, particularly those that the organism is likely to encounter in 
its intracellular environment.
In chapter five, a comparison of the two Beijing strains with H37Rv in a variety of 
infection models has been carried out, with a view to understand why the Beijing 
strains have become so successful in spreading across the world.
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Chapter Two: Materials and Methods
2.1 Bacterial strains and growth conditions
The laboratory strain of M. tuberculosis, H37Rv and other clinical strains were grown 
and maintained in a containment facility level 3. The M. tuberculosis H37Rv was 
isolated from a human patient in 1905 by E.R. Baldwin, Trudeau Sanatorium, Saranac 
Lake, New York. Strain H37Rv was typical of M. tuberculosis in growth 
characteristics, drug susceptibility and biochemical activity (Kubica G.P., 1972). The 
Beijing strains of M. tuberculosis, 94-1576 and 94-1707 were kindly provided by Dr 
D.van Soolingen and colleagues, National Institute of Public Health and the 
Environment, Bilthoven, The Netherlands; they were identified and characterised using 
spoligotyping and RFLP typing.
Strains were generally cultured in modified Dubos broth supplemented with 0.2% (v/v) 
glycerol (Merck) and 0.04% (v/v) Dubos medium albumin (Difco). Liquid cultures 
were grown in rolling culture bottles (Techmate) and incubated in a rolling incubator 
(2 r.p.m) at 37°C until the appropriate optical density was achieved. Growth was 
determined by optical density readings (A6oo) using a Cecil CE 1010 
spectrophotometer. Purity of cultures was stained by the Kinyoun cold method of acid- 
fast staining procedure.
For growth of M. tuberculosis on solid agar, Middlebrook 7H11 agar plates (Difco) 
was supplemented with Dubos oleic albumin complex supplement, at 37°C for
approximately 3-4 weeks.
Chemically competent cells E. coli (Invitrogen TOPO TA cloning kit) were grown in 
Luria-Bertani broth or agar supplemented where appropriate with 50 pg ml'1 ampicillin 
(Sigma), 40 pg ml'1 X-Gal and 0.2 mM isopropyl-(3-D-thiogalactopyranoside (IPTG, 
Sigma). Liquid cultures were grown in a shaking incubator (250 r.p.m) at 37°C. 
Cultures were stored in 15% glycerol at -80°C. For long-term storage, cultures were 
stored at -80°C in an equal volume of freezing medium.
The method for acid-fast staining and composition of broth and agar and media are 
given in Appendix I.
2.2 General molecular techniques
2.2.1 Polymerase Chain Reaction (PCR)
PCR of M. tuberculosis DNA was not always successful and it is presumed that the 
high GC content of M. tuberculosis DNA largely accounts for this variability. Different 
Taq polymerase enzymes were therefore used including HotStar Taq DNA polymerase 
(Qiagen), AmpliTaq Gold DNA polymerase (Applied Biosystems) and Expand Long 
Template PCR system (Roche).
PCR was carried out using 2.5 units HotStar Taq in the manufacturer’s recommended 
buffer. Each 50 pi reaction consisted of 200 mM of dNTP’s, 10-100 ng of genomic 
DNA and 50 pmol of each forward and reverse oligonucleotide primer. Cycling
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conditions included an initial denaturation of 95°C for 15 min followed by 40 cycles of 
94°C for 1-4 min depending on product size, 55°C for 1 min and 72°C for 1-4 min.
In each 50 pi PCR reaction using 1.25 Units of AmpliTaq Gold, 200 mM of dNTP’s, 
and 10-100 ng of genomic DNA and 50 pmol of each forward and reverse 
oligonucleotide primer were added. Cycling conditions included an initial denaturation 
of 95°C for 5 min followed by 35 cycles of 95°C for 1 min, 58°C for 1 min and 72°C 
for 2 min, ending with 1 cycle of 10 min final extension at 68°C.
Where required, Expand Long Template PCR system (Roche) was used for the 
amplification of longer PCR products (3-5 kb) of mycobacterial genomic DNA. Each 
50 pi reaction mixture consisted of 2.5 units of Expand Long Template PCR system 
(Roche), 300 mM of dNTP’s, 50 pmol of each primer and 10-100 ng of genomic DNA 
and the reaction was carried out in lx the recommended manufacturer’s buffer.
PCR conditions for amplification of longer PCR products (3-5 kb) were as follows; 
one cycle of 2 min of initial denaturation at 94°C; 10 cycles of denaturation for 30 s at 
94°C, annealing for 30 s at 58°C, extension for 5 min (1 min/kb) at 68°C; 20 cycles of 
denaturation for 30 s at 94°C, annealing for 30 s at 60°C, extension for 5 min plus a 
linear increase of 20 s for each successive cycle at 58°C, ending with 7 min final 
extension at 68°C. The annealing temperature and extension time (about 1 min/kb) 
were varied according to the requirements.
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PCRs were carried out on MWG-Biotech Primus 96 plus thermocycler or GeneAmpR 
PCR System 9700.
2.2.2 Transformation of chemically competent E. coli
The ligation reaction of 2 pi was added to 50 pi of One Shot E. coli (Invitrogen) and 
incubated on ice for 30 min. Cells were subjected to heat shock at 42°C for 45 seconds 
and then returned to ice for a further 2 min. The transformation reaction was incubated 
at 37°C for 1 h with the addition of 250 pi L-broth. From the transformation reaction, 
200 pi was plated onto L-agar plates containing the appropriate antibiotic selection and 
incubated overnight at 37°C.
2.2.3 Agarose gel electrophoresis
lx TBE buffer was used in both the agarose gels and the running buffer. The 
electrophoresis was carried out at a constant voltage of 80-100 V. PCR product was 
mixed with loading buffer and loaded onto the 0.7-1.0% gel with a final concentration 
of 0.3 pg ml"1 ethidium bromide (Bio-Rad). DNA bands were visualised using an 
ultraviolet transilluminator at 302 nm.
Photographs were taken using a Foto-Analyst video camera (FotoDyne) and a thermal 
printing system (Mitsubishi). In the final part of the study, DNA bands were visualised, 
photographed and printed using the UVP BioDoc-IT™ System.
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2.2.4 Purification of DNA bands from agarose gels or PCR reactions
DNA bands of interest were excised from an agarose gel with a clean scalpel and 
extracted using a QIAquick Gel Extraction Kit (Qiagen), according to the 
manufacturer’s protocol. DNA was eluted in 30 pi water. PCR products were extracted 
using a QIAquick PCR Purification Kit (Qiagen), according to the manufacturer’s 
protocol.
2.2.5 DNA Sequencing
DNA sequencing reactions were performed using a BigDye Terminator Cycle 
Sequencing Ready Reaction Kit (ABI PRISM, Applied Biosystems), which 
incorporates fluorescently, labeled dideoxy chain terminators during a thermocycling 
reaction. 20 pi PCR reactions containing 3.6 pmol of sequencing primer, 100-500 ng 
of DNA and 8 pi of BigDye Terminator Ready Reaction Mix were performed on an 
MWG-Biotech Primus 96 plus thermocycler using the following conditions: 96°C for 
30 seconds; 50°C for 30 seconds and 60°C for 4 min, for a total of 25 cycles. 
Sequencing reactions were then purified to remove any unincorporated dye terminators 
using a DyeEx Spin Kit (Qiagen).
Initially the purified sequencing reactions were resuspended in 6 pi of sequencing 
loading buffer and 1.5 pi of the reaction was applied to a 5% acrylamide Long Ranger 
(Flowgen) sequencing gel. Sequencing was carried out on an ABI Prism 377 DNA 
sequencer at 50°C for 7 h.
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In the later part of the study, the purified sequencing reactions were resuspended in 10 
pi of MegaBACE loading solution (Amersham Biosciences) and applied to 
MegaBACE Long Read Matrix (Amersham Biosciences). Sequencing was carried out 
on the MegaBACE Sequencer (Amersham Biosciences) for 2 h and sequencing results 
were converted using ABITyper software (Amersham Biosciences).
All sequencing results were analysed using DNA Sequencing Analysis Software 
Version 3.4.1 (Applied Biosystems). Fragments containing the recombinant clones 
from subtractive hybridisation experiments and determination of deleted regions were 
purified and sequenced. Sequences obtained were compared, analysed and edited to the 
genome sequence, allowing the site and exact location of recombinant clones or 
deleted regions to be determined. Sequence assembly was done using the TubercuList 
BLAST network service at http://www.pasteur.fr/Bio/TubercuList; this database which 
details the genome, genes and proteins of M. tuberculosis.
For putative deletion fragments identified by the microarray experiments and also for 
genotyping of Beijing strains, primers were designed using the Artemis (The Sanger 
Centre) and DNAStar programs.
2.2.6 DNA isolation from Dubos broth cultures
Genomic DNA was isolated from 180 ml of M. tuberculosis Dubos broth cultures. 
Glycine (0.2 M) was added to cultures at A6oo 0.8-1.0 grown approximately for 16-24 h 
prior to DNA isolation. Following centrifugation (10,000 r.p.m in a Sorvall SLA-1500
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super-lite rotor, 20 min at 4°C), cells were resuspended in 25 ml SET solution and then 
re-centrifuged as previously described. The pellet was resuspended in 2 ml SET 
solution containing freshly added lysozyme and lipase (2 mg ml'1 each). The 
preparation was incubated at 37°C for 30 min, with the subsequent addition of 6 M 
guanidinium chloride and 1% of N-lauroylsarcosine in 20 mM EDTA. The mixture 
was further incubated for 2 h, extracted once with chloroform-isoamyl alcohol, and 
precipitated in ethanol. An overnight incubation was carried out in a solution 
containing 2 pi of RNase DNase-free (500 pg/ml, Promega), 10 pi of 20% SDS and 20 
pi of proteinase K (10 mg/ml) in 400 pi TE. The mixture was extracted once with 
phenol-chloroform-isoamyl alcohol, once with chloroform-isoamyl alcohol and 
precipitated in ethanol. Following isolation, DNA was resuspended in 50 pi distilled 
water and stored at 4°C.
2.2.7 RNA isolation from Dubos broth cultures
Total RNA was isolated from 90 ml M. tuberculosis liquid cultures grown to A^ oo 0.4- 
0.5 (for exponential phase) or 1.6-1.8 (for stationary phase). Cultures were centrifuged 
for 20 min at 10,000 r.p.m (Sorvall SLA-1500 rotor) at 4°C. RNA was isolated using a 
FastRNA Blue Kit (Q.Biogene) according to the manufacturer’s protocol. Following 
isolation, RNA was resuspended in 50 pi RNase-free water containing 1 unit p i 1 of 
RNasin (40 U/ml, Promega) and stored at -80°C.
2.2.8 Removal of DNA contamination from total RNA
One unit p f 1 of RNasin (Promega), 0.1 M of NaOAc (RNA grade, Sigma), 0.05 M of
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MgSC>4 (RNA grade, Sigma) and 0.04 units (4.1 _1 of DNase RNase-free (1 U/pl, Roche) 
was added to a RNA sample. The sample was incubated at 37°C for 1 h. Following 
incubation, RNA was purified using an RNeasy Mini Kit (Qiagen) according to the 
manufacturer’s protocol and resuspended in 50pl of RNase-free water. This was 
repeated to ensure the removal of DNA contamination from the RNA sample. RNA 
concentration and nucleic acid purity were estimated by measuring the A260 and 
A260:280 ratio in a Thermo Unicam UV2 spectrophometer. The integrity of the RNA 
was checked by agarose gel electrophoresis and purified RNA was stored at -80°C in 
RNase-free water.
2.2.9 Quantitative real-time PCR
Quantitative real-time PCR was performed using the ABI PRISM 7700 Sequence 
Detection System (TaqMan, Perkin Elmer/Applied Biosystems) to determine levels of 
RNA sequences for genes of interest from unstressed and stressed conditions for M. 
tuberculosis H37Rv strain and Beijing strains (94-1576 and 94-1707).
Quantitative PCR using this system is based on the detection of a fluorescent signal, 
which is proportionally produced during PCR amplification. A probe, labeled at the 5' 
end with a reporter fluorophore and at the 3' end with a quencher fluorophore is 
designed to anneal to a target sequence for a given gene between a forward and reverse 
PCR primer. Whilst both fluorophores are on the probe, the quencher stops all 
fluorescence from the reporter molecule. As the primer is extended by Taq polymerase, 
the 5' to 3' nuclease activity of the enzyme degrades the probe and releases the reporter
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fluorophores proportionally to the amount of PCR product generated in each cycle.
Primers and probes were designed according to guidelines in the ABI Primer Express 
software programme (Perkin Elmer/Applied Biosystems). For the conditions used, the 
control was the sigA gene, coding for a housekeeping sigma factor in M. tuberculosis 
(Hu & Coates, 1999) whose transcript levels have been shown to be very consistent 
under a variety of stresses (Manganelli et al., 1999). The forward and reverse primers 
and probes of Rv3408, Rv3409c and Rv3822c genes are given in Appendix n.
Approximately 500 ng of total RNA was added together with 10 pmol of random 
primer, 25mM of each dNTP and water in a total volume of 12 pi and heated at 65°C 
for 5 min. To this reaction, 4 pi of first strand buffer and 2 pi of DTT was added. 1.0 
pi of Superscript II RNase H-Reverse Transcriptase (Invitrogen) was added to each 
sample, while 1.0 pi of dH2 0  was added to a negative control. Incubation was carried 
out at 25°C for 10 min, and then at 42°C for 50 min, followed by 70°C for 15 min. The 
sample volume was then adjusted to 60 pi by the addition of 41 pi dH2 0 . 96-well 
plates were then loaded with 25 pi PCR reaction mix containing 12.5 pi of PCR Hot 
Star master mix (Qiagen), 2.5 pmol of control or gene probes and 5 pmol of control or 
gene forward and reverse primers.
To each PCR reaction mix, 5 pi of cDNA for a given condition was added and PCR 
quantification using the TaqMan system carried out. Standard curves were constructed 
by the amplification of known quantities of DNA for each run of the TaqMan sequence
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detection machine. Following PCR, a ratio for the gene of interest compared to the 
sigA control gene were calculated and then the values for the gene of interest were 
compared under different conditions. Analysis was performed using ABI PRISM 
Sequence Detection Systems V I.6 .3 software (Perkin Elmer/Applied Biosystems).
2.3 Characterisation of Beijing strains
2.3.1 Genotyping analysis of Beijing strains
Beijing strains were analysed by PCR for the presence of IS6110 in the dnaA-dnaN 
intergenic region of the origin of replication as previously described by Kurepina et al. 
(1998). A 537 bp product was expected in samples that did not have an IS6110 
insertion in the dnaA-dnaN region, compared to a 2000 bp product expected from 
those having the insertion. Amplification products were confirmed by sequencing.
The principal genetic group of the Beijing strain was determined by PCR amplification 
and DNA sequencing of target-specific regions within the genes katG and gyrA. The 
katG (463) CGG —► CUG and the subsequent gyrA (95) ACC —* AGC mutations were 
used to designate groups in the evolutionary pathway proposed by Sreevatsan et al. 
(1997). Amplification products were confirmed by sequencing.
Beijing strains were analysed by PCR for absence or presence of TbDl and RvD2 
fragments. These findings were used by Brosch et al. (2002) to designate groups in 
their proposed evolutionary pathway.
Beijing strains were analysed by PCR for the polymorphism of Rv3135 gene as
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previously described by Musser et al. (2000). Amplification products were confirmed 
by sequencing.
A multiplex PCR approach was used to determine insertion of ISd/70 in the NTF-1 
region for the Beijing strains of M. tuberculosis. PCR primers and parameters were 
previously described by Plikaytis et al. (1994). The Beijing strains have an IS6110 
insertion in NTF-1 region resulting in a 223 bp PCR product. The 500 bp PCR product 
is an internal control of \S6110 and larger bands are non-specific products, which were 
seen previously by Plikaytis et al. (1994).
Sequences of primers used for generating the fragments and sequencing are detailed in 
Appendix II.
2.3.2 Confirmation of deleted regions
Initially to confirm the presence or absence of genes that showed no or weak 
hybridisation by microarray experiments with genomic DNAs from tested strains, PCR 
reactions were performed using the relevant primers synthesized to produce the probes 
for the microarray slides. This was used to confirm that the deletions observed were 
genuine.
After confirmation of each spot, PCRs of the tested strains were performed, as well as 
H37Rv for comparison. The boundaries of the deleted region were predicted so that the
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amplified region would span the missing region. Primers were designed, encompassing 
the putative deleted regions. Amplifications were performed in a total reaction of 50 
pi.
Sequences of primers used for generating the fragments of deleted regions are detailed 
in Appendix n.
2.4 DNA microarray technique
2.4.1 Whole genome M. tuberculosis DNA microarray
The array was generated from PCR products using gene-specific oligonucleotide 
primer pairs with minimal cross-homology for each of the 3924 predicted protein 
coding sequences. Whole genome DNA microarrays of M. tuberculosis H37Rv were 
produced by Dr. J. Hinds in the laboratory of Dr. P. Butcher (St. George’s Hospital 
Medical School).
For comparative genomic experiments, the mycobacterial DNAs were kindly provided 
by Dr D.van Soolingen and colleagues, National Institute of Public Health and the 
Environment, Bilthoven, The Netherlands. The list of the mycobacterial DNAs used in 
this study is shown in Table 2.1.
2.4.2 Slide processing
Standard glass microscope slides were washed in an alkaline solution for 2 h. The
36
slides were extensively rinsed by 5 cycles of dFbO and then submerged for 1 h in a 
poly-L lysine coating solution. Finally, slides were washed in clean d t^O  and allowed 
to dry at room temperature.
Following printing, the slides were rehydrated over boiling water and snap dried on a 
100°C hot plate. The slides were exposed to lOOmJ cm' UV light using a 
Spectrolinker XL-1500 UV Crosslinker (Spectronics Corporation). The slides were 
soaked for 15 min in succinic anhydride/sodium borate solution to prevent non-specific 
hybridisation of the slides. Finally, slides were washed in boiling water for 2 min 
followed by 1 min in 95% ethanol then air dried and stored in slide boxes at room 
temperature.
2.4.3 DNA labeling for microarray hybridisation
Approximately 3 pg of genomic DNA was fluorescently labeled using 3pg of random 
hexamer primers (Invitrogen), 5 units of the Klenow fragment of DNA polymerase 
(Promega), lx  of supplied Klenow buffer, dNTP’s (40pM dCTP, lOOpM of each of 
dATP, dCTP and dGTP) and 1.5 nmol of Cy3- or Cy5-labeled dCTP (Amersham 
Biosciences) to a final volume of 41.5 pi. The reaction mixtures were heated at 95°C 
for 5 min, snap cooled and then incubated at 37°C for 90 min.
2.4.4 RNA labeling for microarray hybridisation
Approximately 5 pg of total RNA was fluorescently labeled with 6 pg of random 
primers, 500 units of Superscript II RNase H' Reverse Transcriptase (Invitrogen), lx
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of first strand buffer, 10 mM of DTT, dNTP’s (concentration as for DNA labeling) and
1.5 nmol of Cy3- or Cy5-labeled dCTP to a final volume of 11 pi. The reaction 
mixtures were heated at 95°C for 5 min, snap cooled and then incubated at 25°C for 10 
min, followed by 42°C for 90 min.
For either DNA or RNA-labeled reaction mixtures, the samples to be compared (Cy3 
and Cy5) were combined and purified using a MiniElute PCR Purification Kit 
(Qiagen) according to the manufacturer’s recommended protocol, then resuspended in 
13 pi of sterile distilled water, to which 4x of SSC and 0.3% of SDS were added. 
Labeled samples were heated for 2 min at 95°C and allowed to cool for approximately 
1 min before addition to the microarray slides.
2.4.5 Hybridisation, slide washing and scanning
Slides were placed in prehybridisation solution for 20 min at 60°C. The slides were 
washed for 1 min in water and 1 min in propan-2-ol (Merck), and then centrifuged 
[1500 r.p.m in an Nr.11150 rotor (Sigma)] for 5 min. Labeled samples were covered 
and placed in humidified hybridisation chambers at either 60°C (for DNA 
hybridisation) or 68°C (for cDNA hybridisation) for 16-24 h.
Following hybridisation, microarray slides were washed in a solution containing lx  of 
SSC and 0.05% of SDS for 2 min. These slides were further washed for 2 min each in 
0.06% of SSC. Slides were dried by centrifugation for 5 min.
The slides were scanned with a GenePix 4000a Microarray Scanner (Axon
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Instruments) using photomultiplier tube (PMT) voltages usually of 600 for genomic 
DNA and 800 for cDNA experiments. Basic analysis was performed using the software 
provided with the scanner, GenePix Pro 3.0. The software calculated the average signal 
intensity and local background for each spot on the array. The spots with high 
background or poor hybridisation were eliminated as either ‘not found’ or ‘bad flag’.
2.5 Subtractive hybridisation study
Genomic subtraction was performed using a Clontech PCR-Select™ Bacterial Genome 
Subtraction Kit. A subtraction hybridisation experiment of mycobacterial genomes was 
performed on strains laboratory H37Rv, Beijing 94-1576 and Beijing 94-1707.
2.5.1 PCR-based positive hybridisation
One pg of genomic DNA was digested with Rsal (Clontech), extracted with phenol, 
and precipitated with ethanol. First subtraction experiments were performed using 
strain H37Rv as the driver and Beijing strains 94-1576 and 94-1707 as tester I and 
tester II. The second subtraction experiments were performed using strain H37Rv as 
the tester III with Beijing strains 94-1576 as driver I and strain H37Rv as the tester IV 
with Beijing 94-1707 as driver II.
For each experiment, two different PCR adaptors were ligated to two different aliquots 
of the restricted-digested tester DNA (Figure 2). Two hybridisation experiments were 
then performed. In the first hybridisation, an excess of driver DNA was added to each 
of the adaptor-ligated tester DNAs. Each sample mixture were then denatured at 98°C
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for 2 min and allowed to reanneal at 63°C for 90 min. This hybridisation enables 
single-stranded DNA to be enriched for tester-specific DNA, as DNA fragments that 
are not tester specific will form hybrid molecules with the driver DNA. In the second 
hybridisation, the two primary hybridisation reaction mixtures were combined without 
denaturing and allowed to reanneal at 63 °C overnight.
Only the subtracted, single-stranded, tester-specific DNA forms hybrids with the two 
different terminal adaptors. Molecules with different adaptors at each end were 
amplified exponentially using PCR primers to the two adaptor sequences.
In the second hybridisation step of the 5 pi mixture, 1.5 pi aliquots of each 94-1576 
DNA (tester I, adaptor 1 and 2R), 94-1707 DNA (tester n, adaptor 1 and 2R), H37Rv 
DNA (tester ID, adaptor 1 and 2R) and H37Rv DNA (tester IV, adaptor 1 and 2R) was 
combined with 1 pi of 5x hybridisation buffer and 1 pi water. The mixture was 
denatured at 98°C for 1.5 min and the hybridisation reactions were incubated at 65°C 
for 1 h. Subsequently, 50 pi of dilution buffer were added to each mixture and the 
hybridisation was completed by incubation at 63°C overnight. One pi of each sample 
was diluted in 100 pi of water, and 2 pi of this diluted hybridisation mixture was used 
as template for the successive round of PCR amplification.
In this study, both primary and secondary PCRs were carried out in Perkin-Elmer 
Gene Amp system 9700 series using Clontech’s Advantage cDNA Polymerase mix. 
Each 24 pi reaction mixture of primary PCR consisted of lx of Advantage cDNA
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Polymerase mix, 300 mM of dNTP’s, 50 pM of PCR primer 1 and 2 pi of subtracted 
or unsubtracted template and the reaction was carried out in lx  of the recommended 
manufacturer’s buffer. The 24 pi reaction mixture of secondary PCR consisted of lx  of 
Advantage cDNA Polymerase mix, 300 mM of dNTP’s, 10 pM of each Nested Primer 
1 and 2R, and 2 pi of primary PCR template and the reaction was carried out in lx  of 
the recommended manufacturer’s buffer.
The following program was used for primary PCR: initial cycle of 72°C for 2 min, 
another cycle of 94°C for 30 s, followed by 25 cycles of 94°C for 10 s, 66°C for 30 s 
and 72°C for 1.5 min. The following program was used for secondary PCR: initial 
cycle of 94°C for 20 s, followed by 16 cycles of 94°C for 20 s, 68°C for 30 s and 72°C 
for 1.5 min. The putative tester-specific libraries were amplified using, as a positive 
control, aliquots of unsaturated tester DNA ligated with both terminal adaptors 
(unsaturated tester control).
Another independent subtraction experiment was performed differing in hybridisation 
temperature (68°C). The hybridisation steps were as follow; after denaturing at 98°C 
for 2 min, reannealing at 68°C for 90 min and overnight hybridisation at high 
stringency of 68°C. The third subtraction experiments were carried out using strain 
H37Rv as the driver and Beijing strains 94-1576 and 94-1707 as tester I and tester II. 
The fourth subtraction experiments were carried out using strain H37Rv as the tester 
and Beijing strains 94-1576 and 94-1707 as driver I and driver II respectively.
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The DNA libraries thereby obtained were: subtracted 94-1576-1 (with H37Rv as driver 
at hybridisation temperature of 63°C); subtracted 94-1576-2 (with H37Rv as driver at 
temperature 68°C); subtracted 94-1707-3 (with H37Rv as driver at hybridisation 
temperature of 63°C); subtracted 94-1707-4 (with H37Rv as driver at hybridisation 
temperature of 68°C); and subtracted H37Rv-l (with 94-1576 as driver at hybridisation 
temperature of 63°C); subtracted H37Rv-2 (with 94-1576 as driver at hybridisation 
temperature 68°C); subtracted H37Rv-3 (with 94-1707 as driver at hybridisation 
temperature of 63°C); and subtracted H37Rv-4 (with 94-1707 as driver at hybridisation 
temperature of 68°C).The subtractive hybridisation libraries are detailed in Table 2.
Table 2: The subtractive hybridisation libraries
Driver Hybridisation temperatures
63°C 68°C
H37Rv Subtracted 94-1576-1 Subtracted 94-1576-2
Subtracted 94-1707-1 Subtracted 94-1707-2
Beijing 94-1576 Subtracted H37Rv-l Subtracted H37Rv-2
Beijing 94-1707 Subtracted H37Rv-3 Subtracted H37Rv-4
2.5.2 Construction of recombinant strains
Construction of recombinant strains was made using a Invitrogen TOPO TA cloning 
kit. Plasmid DNA was isolated from E. coli cultures grown overnight in 3 ml of L- 
broth supplemented with the appropriate antibiotic, using a QLAprep Miniprep Kit 
(Qiagen). One unit of EcoRl restriction enzyme (New England Biolabs) per pg of DNA 
was used to digest plasmid DNA at 37°C for 1 h in the recommended manufacturer’s
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buffer. Plasmids were amplified using the TOPO TA vector-specific primers and 
sequencing reactions prepared using a ABI BigDye Terminator kit and sequencing 
performed using an ABI sequencer. Reaction mixtures were 150 ng of each isolated 
plasmid and 10 pmol of each appropriate primer. Sequences were analysed using the 
TubercuList program.
Sequences of primers used are detailed in Appendix II.
2.5.3 Microarray hybridisation for subtractive hybridisation clones
PCR products obtained for both subtracted and unsaturated libraries were cloned and 
plasmids were isolated from these clones. Clones from the subtractive hybridisation 
were used to assemble DNA microarray slides with 384 spots. These were used for 
hybridisation of M. tuberculosis H37Rv and Beijing strains (94-1576 and 94-1707).
Six pi of each plasmid was then transferred to a 384-well microplate for printing. The 
DNA microarray was printed by robotic spotting using the QArray (Genetix), onto 
poly-L-lysine coated glass microscope slides. DNA samples were arrayed with 16 pins 
at spacing distance of 900 pm at 40% relative humidity. The microarray is arranged as 
a 4 x 4 metagrid, containing 16, 5 x 5 subgrids. The top and bottom rows of each of the 
16 subgrids contain a number of positive and negative controls. Negative controls on 
the array were solutions containing 50% DMSO only. Positive control spots include 
the genomic DNA of M. tuberculosis H37Rv, Beijing 94-1576 and Beijing 94-1707(5 
serial threefold dilutions of each gene were also included). To check for printing
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quality, a printed slide was stained in 1:10000 dilution of Syto61 (Sigma) in 1 x TBE 
and then scanned. Following printing, DNA labeling for microarray hybridisation was 
performed essentially as previously described.
2.6 Site mapping of IS6110
Site mapping was based on the phenomenon that the probability of successful 
polymerase-mediated amplification decreases as the length of the desired product 
increases (Kivi et al., 2002).
In PCR reactions, a population of amplicons of different length was generated. In this 
population there would be a relative abundance of product corresponding to DNA 
sequence close to the primer set. In the consequent microarray hybridisation, there 
would be characteristic hybridisation patterns. The hybridisation intensity decreases as 
the spots represent sequences more distant from the primer set. This could 
simultaneously occur multiple times, such that when the pair of primer was directed 
toward repetitive DNA, such as ISd/70, the hybridisation patterns would be seen in 
multiple regions of the microarray.
The sequenced laboratory strain, H37Rv, and M. bovis BCG were utilised as standards 
for the development of experimental procedures and data analysis. Culturing of 
bacteria and DNA extraction were performed essentially as previously described. The 
IS6110 flanking regions were labeled by incorporation of fluorescent dye in separate 
primer extension reactions with primers specific to the 1S6110 5’ (primer PI) and 3’
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(primer P2) ends. The labelling reaction contained 4 pg of genomic DNA, 1 pM of 
primer, 88 pM of dATP, dCTP, and dGTP, 44 pM of dTTP, 44 pM of Cy5-dUTP 
(Amersham), 10 pi of Q-solution (Qiagen), 5 U of Taq polymerase (Qiagen), 5 pi of 10 
x PCR buffer (Qiagen) and distilled water to a total volume of 50 pi. The GeneAmp 
PCR System 9700 thermal cycler was used with following parameters; one cycle of 
94°C for 5 min, 60 cycles of 94°C for 40 s, 56°C for 40 s, and 72°C for 75 s, and one 
final cycle of 72°C for 7 min. An additional 5 U of Taq polymerase was added after 30 
cycles.
Sequences of primers are detailed in Appendix n.
2.6.2 Microarray hybridisation
DNA labeling for microarray hybridisation was performed essentially as previously 
described. Eight hybridisations, four per IS6110 (5’ or 3’) side, were performed for 
each strain. Hybridisation intensity values were normalised essentially as described 
below.
2.6.3 Confirmation of insertion sites
Confirmation of the insertion sites was obtained experimentally from the genotyping 
and putative deleted regions in Beijing strains. PCR was performed for each region, as 
well as with H37Rv for comparison. Primers on both ends of the deleted regions, 
another primer positioned in the flanking regions were designed, encompassing the 
IS6110. An IS6110 was considered to be present when the products of expected sizes,
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as calculated from H37Rv, were obtained. The insertion sites were positioned relative 
to the genome of H37Rv where predicted ORFs have been annotated (Cole et a l ,
1998).
2.7 Gene expression studies of M. tuberculosis strains
2.7.1 Growth curve
Strains were individually inoculated into 10 ml of Dubos broth and incubated statically 
at 37°C for 7-10 days. From this static culture, 0.2 ml was inoculated into 100 ml 
Dubos broth and the culture grown in a rolling bottle until it reached A6oo 0.4-0.5 for 
exponential phase culture. This culture was then sub-cultured to a new Dubos broth for 
the subsequent rolling culture.
2.7.2 Growth and viability assay in different stress conditions
Cultures were grown in different stress conditions: oxidative, low pH or nitrosative 
condition for 9 days. The A^oo and viability of the cultures was monitored at regular 
intervals (1 h, 7 h and 1, 2, 3, 5, 6, 7 and 9 days) following addition of the stress 
conditions.
To test the viability of strains in different stressed and unstressed conditions, serial 
dilutions of bacterial suspensions were made in saline, then plated onto Middlebrook 
7H11 agar plates. The viability of the bacteria (cfu/ml), was calculated after 2-3 weeks 
incubation at 37°C.
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2.7.3 Stressed and unstressed conditions
Rolling cultures of M. tuberculosis H37Rv and two Beijing strains; 94-1576 and 94- 
1707 were grown in different stress conditions. In the oxidative stress condition, 
cultures were grown in Dubos media containing cumene hydroperoxide (Sigma) at a 
concentration of 500 pM for 2 h. For the low pH stress condition, cultures were grown 
in Dubos media (pH 5.5) for 8 h. For the nitrosative stress condition, cultures were 
grown in Dubos media (pH 5.5) with NaNC>2 (Sigma) at a concentration of 3 mM for 7 
h.
Rolling cultures of M. tuberculosis H37Rv and two Beijing strains; 94-1576 and 94- 
1707, were grown to an exponential phase culture (A6oo 0.4-0.5) before growing in 
Dubos media for low pH and nitrosative stress conditions. In the oxidative stress 
condition, cultures of H37Rv and Beijing 94-1576 were grown to an exponential phase 
cultures (A6oo 0.4-0.5) and stationary phase cultures (A6oo 1.6-1.8) before growing in 
Dubos media containing cumene hydroperoxide.
2.7.4 RNA isolation from different stressed and unstressed conditions
To analyse global gene expression of M. tuberculosis H37Rv and two Beijing strains; 
94-1576 and 94-1707, different oxidative, low pH and nitrosative stress conditions 
were added to either an exponential phase cultures (A6oo 0.4-0.5) or an early stationary 
phase cultures (A6oo 1.6-1.8) prior to the isolation of total RNA. 180 ml cultures were 
grown in a rolling incubator to the appropriate A6oo and then divided into 2 equal 
aliquots of 90 ml each. One aliquot remained untreated, whilst the second aliquot was
48
treated in the stressed condition.
2.8 DNA microarray analysis
More detailed and statistical analysis was performed using GeneSpring ver 6.0 (Silicon 
Genetics). The Cy3/Cy5 fluorescence value was calculated from the median minus 
background.
2.8.1 Microarray analysis for deletion and subtractive hybridisation studies
Following data filtration, experiment interpretation was performed; ratio 
(signal/channel) was applied for each slide. To test for any biased incorporation of 
either fluorophores used for labeling M. tuberculosis genomic DNA, equal amounts of 
genomic DNA was labeled with either Cy3 or Cy5 fluorophores. Labeled samples from 
the same genomic DNA but with different labeling fluorophores were hybridised to the 
same arrays. In the experiment interpretation, ratio (signal/channel) was applied for 
each slide.
2.8.2 Microarray analysis for gene expression study
Following data filtration, normalisation was performed; data transformation, per spot 
normalisation and per chip normalisation. Since these were two colour microarray 
experiments, dye swaps were applied for data transformation; this swapped between 
the control channel and signal channel to enable dye comparison.
Additionally in per spot normalisation, the measured intensity for each gene was
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divided by the value of its control channel in two colour experiments (assuming that 
this was at least 0.01).
Per chip normalisation was performed using the 50th percentile of all measurements for 
different hybridisations. These measurements were limited by genes that pass the flag 
restriction. This normalisation standardised the global intensities across multiple 
arrays. This also controlled for chip-wide variations in intensity where such variation 
was due to inconsistent washings, inconsistent sample preparations, or other 
microarray productions or imperfections.
The identification of differentially expressed genes between two samples of RNA 
requires multiple replications of microarray experiments. This is due to the large 
source of variability that occurs with such experiments. Variation in data may occur 
between arrays or within arrays, due to differences in printing pins. High levels of 
background and low signal levels lead to variable, noisy microarray data, and 
differences in sample isolation, for example, preparing replica samples at slightly 
different stages in the growth cycle may also be a source of data variability. Taking 
such factors into consideration, RNA extraction was done from a single biological 
sample, a minimum of six replicates have been performed in this study and data was 
analysed using software GeneSpring ver 6.0 for normalised value. This would help to 
minimise data variability and to give assurances that genes determined to be 
differentially expressed are not false positives.
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In the experiment interpretation, ratio (signal/channel) and log of ratio were applied for 
each slide. The Cross-Gene error model in the software GeneSpring accounted for 
measurement and sample-to-sample variation in microarray experiments. The Multi- 
Sample Interpretation in the software GeneSpring accounted for variation in 
measurement of all samples in the experiments.
Genes with a change in log ratio and a p  <0.05 were considered as a significant change 
of gene expression. A method of correction for multiple testing and the False 
Discovery Rate (Benjamini and Hochberg) for testing of genes with significant 
expression levels a tp  <0.05 was chosen to compare expression levels in all conditions. 
The effects of different conditions performed were: Beijing strain stressed against 
H37Rv stressed, Beijing strain unstressed against H37Rv unstressed, Beijing strain 
stressed against Beijing strain unstressed.
2.8.3 Microarray analysis for site mapping of IS6110 study
Eight hybridisations, four per IS6110 (5’ or 3’) side, were performed for each strain. 
Identifications were applied to compare the Beijing strains’ profiles to profiles 
obtained experimentally with H37Rv and BCG, including known insertion sites 
(positive set) and no insertion sites (negative set).
Following data filtration, normalisation was performed: data transformation, per spot 
normalisation and per chip normalisation. Since these were one colour microarray 
experiments, dye swap was not applied for data transformation.
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In addition to the computerised analysis, the positions that showed low and high 
intensity were inspected visually. An insertion site was selected as a true insertion site 
only after a number of considerations: (i) the signal intensities, (ii) the occurrence of 5’ 
and 3’ signals, (iii) the spot reliability for genomic region (roughly assessed by prior 
knowledge of the reliability of the microarray), (iv) an estimate of the number of 
IS6110 copies in the strain based on the number of IS6110 copies in the test strain.
2.9 In  vivo phenotypic studies of M. tuberculosis strains
2.9.1 Growth in Balb/C mice
Approximately 0.2 ml (5 x 105 cfu) of the bacterial suspensions was inoculated 
intravenously into 6-8 week old female Balb/C mice. The infection was monitored by 
removing the lungs and spleens of groups of 3-5 infected mice at 1, 30, 60 and 90 days 
infection intervals. The tissues were homogenised by shaking with 2 mm diameter 
glass beads in chilled saline with a Mini-Bead Beater (Biospec Products). Serial 10- 
fold dilutions of the resultant suspensions were plated onto Middlebrook 7H11 agar. 
The viability of the bacteria (cfu per organ) was determined after the plates had been 
incubated at 37°C for approximately 20 days.
2.9.2 Growth in C57BL/6 mice
Approximately 0.2 ml (5 x 105 cfu) of the bacterial suspensions was inoculated 
intravenously into 6-8 week old female C57BL/6 mice. The infection was monitored 
by removing the lungs and spleens of 3-5 infected mice at 2, 29, 62, 76 and 102 days 
infection intervals. The tissues were homogenised and serial 10-fold dilutions were
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plated onto Middlebrook 7H11 agar. The viability of the bacteria (cfu per organ) was 
determined after the plates had been incubated at 37°C for approximately 20 days.
2.9.3 Growth in murine bone marrow derived macrophages
Murine bone marrow derived macrophages were flushed from the femurs of 6-8 week 
old female Balb/C mice and suspended initially in Dulbecco’s medium (Invitrogen) 
containing 2 mM L-glutamine. The cell culture medium was kept at 37°C in 5% CO2 
atmosphere prior to use. For expansion, the cells were then transferred to pre-warmed 
Dulbecco’s medium with 1 g/1 glucose and 3.7 g/1 carbonate (Gibco, BRL), enriched 
with 10% heat-inactivated calf serum (Sigma), and 10% L-cell conditioned medium 
(Invitrogen).
After expansion, the cells were centrifuged at 200 x g for 8 min at room temperature. It 
was then resuspended to a cell density of 1.2 x 104 cells/ml in enriched Dulbecco’s 
medium. A 12-well tissue culture plate (Nalgene) was inoculated with cell suspension 
(1 ml per well) and incubated for 24 h. Under these conditions, primary cells 
differentiate into macrophages, stop dividing and adhere to the bottom of the well.
The medium was then removed, and 1 ml of the Dulbecco’s medium containing 105 
cfu mycobacteria was added to each well (multiplicity of infection of 1:10 bacteria per 
macrophage). Three wells were used for each tested bacterial strain. The plates were 
incubated for 16 h at 37°C to allow the macrophages to phagocytose the bacteria. To 
remove extracellular bacteria, the medium was removed and the wells were washed
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twice with 1 ml of Dulbecco’s medium without supplements. Finally, 1 ml of warm 
Dulbecco’s medium was added to each well, and the plates were incubated in 5% CO2 
atmosphere at 37°C. The medium was replaced every 48 h.
The macrophages were harvested at various time points after infection (0, 4, 8 and 11 
days). The intracellular bacteria were released by lysing the macrophages with 1 ml of 
2% saponin (Sigma). The suspension from the lysed macrophages were immediately 
10-fold serially diluted and plated onto Middlebrook 7H11 agar. The viability of the 
bacteria (cfu per well) was determined after the plates had been incubated at 37°C for 
approximately 20 days.
2.9.4 Growth in the human monocytic cell line THP-1
A vial of the frozen human monocytic cell line THP-1 (EC ACC) was thawed initially 
in a water bath at 37°C. For expansion, the cells were grown in pre-warmed RPMI- 
1640 medium (Invitrogen) supplemented with 2 mM L-glutamine and 10% heat- 
inactivated calf serum (Sigma) at 37°C in 5% CO2 atmosphere.
After expansion, the cells were centrifuged at 200 x g for 8 min at room temperature 
and resuspended to a cell density of 1.2 x 104 cells/ml in RPMI-1640 medium 
supplemented with 50 nM phorbol 12-myristate 13-acetate (Sigma). A 12-well tissue 
culture plate (Nalgene) was inoculated with cell suspension (1 ml per well) and 
incubated in 5% CO2 atmosphere for 24 h. Under these conditions, primary cells 
differentiate into macrophages, stop dividing and adhere to the bottom of the well
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(Raynaud et al., 2002a).
The medium was then removed, and 1 ml of the RPMI-1640 medium containing 105 
cfu mycobacteria was added to each well (multiplicity of infection of 1:10 bacteria per 
macrophage). Three wells were used for each tested bacterial strain. The plates were 
incubated for 16 h at 37°C to allow the macrophages to phagocytose the bacteria. To 
remove extracellular bacteria, the medium was removed and the wells were washed 
twice with 1 ml of RPMI-1640 medium. Finally, 1 ml of warm RPMI-1640 medium 
was added to each well, and the plates were incubated at 37°C. The medium was 
replaced every 48 h.
The macrophages were harvested at various time points after infection (0, 3, 6 and 9 
days). For the cell morphology study, plates containing infected macrophages were 
fixed with 4% paraformaldehyde, washed and stained with Kinyoun cold acid-fast 
staining. For the viability study, the intracellular bacteria were released by lysing the 
macrophages with 1 ml of 2% saponin (Sigma). The suspension from the lysed 
macrophages was immediately 10-fold serially diluted and plated onto Middlebrook 
7H11 agar. The viability of the bacteria (cfu per well) was determined after the plates 
had been incubated at 37°C for approximately 20 days.
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Chapter Three: Comparative Genome Analysis of 
M. tuberculosis, M. africanum and M. bovis Strains
3.1 Introduction
A physical map or even the complete nucleotide sequence of the genome of one 
individual from a species tells nothing of possible genomic plasticity that may be 
present. Conclusions drawn from lone maps regarding overall genome structure in 
related species or even all members of the same species will often be misleading 
(Casjens, 1998). Mycobacterial genome structure is much more dynamic and diverse 
than was originally expected, and so, to understand this aspect of bacterial biology, 
many isolated strains within Mycobacterium species will need to be compared in some 
detail.
In an effort to understand the differences within Mycobacterium species, the work 
described in this chapter involved genome comparison of M. africanum, M. bovis and 
M. tuberculosis strains. Comparative genomics was performed using DNA microarray 
hybridisation with 3,841 ORFs from M. tuberculosis H37Rv. Each of the different 
strains was compared with M. tuberculosis H37Rv and each comparison was carried 
out in duplicate, as described in Section 2.4. The Cy5/Cy3 fluorescence ratios 
calculated for each ORF represented on the array were normalised using GeneSpring 
ver 6.0 software. The genes were considered to be differentially hybridised compared 
with M. tuberculosis H37Rv control if they displayed at least a two-fold difference in
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the ratio. All deletions observed by microarray analysis were assumed to be putative 
until confirmed by PCR and sequence analysis. Dr D.van Soolingen and colleagues, 
National Institute of Public Health and the Environment, Bilthoven, The Netherlands, 
had kindly provided the DNAs from various M. tuberculosis, M. africanum and M  
bovis strains.
3.2 Comparative genome analysis of M. africanum and M. bovis 
Human and cattle tuberculosis, caused by M. tuberculosis and M. bovis respectively, 
are very closely related phylogenetically and induce many common responses in their 
hosts. Analysis of the genomes of both bacilli demonstrated that M. tuberculosis has a 
genome of 4.41 Mb, while M. bovis has a genome of only 4.34 Mb (Cole, 2002). The 
difference in genome size of M. bovis is the consequence of loss, not gain, of DNA, 
because the deletion sites of large regions of the chromosome in M. bovis could be 
mapped.
To determine the strain differentiation of M. africanum and M. bovis (human and 
cattle) strains, the genomic DNAs were analysed using the microarray technique. The 
M. bovis BCG substrain Pasteur from the NIMR collection, was grown in Dubos broth 
(A^oo 0.8-1.0) and DNA extraction was carried out as described in Section 2.2.6. The 
list of the mycobacterial DNAs used in this study is detailed in Table 3.1.
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Table 3.1. The DNAs of M. africanum and M. bovis strains
DNA no. Species Remarks
130 M. bovis Cattle, \S>6110 1.9 kb, PGRS/DR common
97-2242 M. bovis Cattle, IS6110 1.9 kb,
97-2237 M. bovis Cattle
6 M. africanum Human cluster 108
85 M. africanum Human cluster 289038
17069 M. bovis Human cluster no***072
94-2240 M. bovis Human cluster no 287**
3.2.1 Analysis of the genomic DNA microarray hybridisation
Using DNA microarrays, a genomic deletion analysis was performed across a 
collection of five M. bovis and two M. africanum strains with a hope of determining 
the strain differentiation in M. tuberculosis complex.
The comparative microarray analysis revealed RD1-RD14 regions were deleted in M. 
bovis BCG substrain Pasteur. This is consistent with a previously published study 
(Gordon et a l, 1999). To remain consistent with most published reports on genomic 
deletions within the M. tuberculosis complex, published nomenclature (Gordon et al.,
1999) was used in this study. In a published study (Behr et al., 1999), more ORFs were 
detected as deleted in M. bovis BCG strains. Two of these OFRs (Rv0309-Rv0312 and 
Rv3400-Rv3405c) were specific to members of the BCG family (BCG-Frappier, BCG- 
Connaught and BCG-Moreau).
RD1 (containing immunodominant antigens ESAT-6 and CFP-10), RD2 (containing 
transcriptional regulators) and RD14 (containing hypothetical proteins) were deleted in 
M. bovis BCG substrain Pasteur. None of these RD1, RD2 and RDM regions was 
deleted in any of the M. africanum and M. bovis (human and cattle) isolates. RD3 and
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RD11 are prophages elements phiRvl and phiRv2 in M. tuberculosis strains and both 
RDs were deleted in M. africanum and M. bovis human isolates. The RD11 but not 
RD3, was deleted in M. bovis cattle isolates. It is known that a prophage element is 
capable of integration and excision in the genome (Mahillon & Chandler, 1998), hence 
either RD3 or RD11 is a suitable marker for strain differentiation within M. 
tuberculosis complex.
The regions RD3 and RD7-RD11 were deleted in M. africanum (6, 85) and M. bovis 
human (17069, 94-2240). RD3 was not detected as deleted in M. bovis cattle (130, 97- 
2237, 97-2242). With the exception of M. bovis from isolated cattle (97-2237), RD9 
was deleted in M. africanum and M. bovis isolates. RD4-RD6 and RD12-RD13 were 
deleted in M. bovis (cattle and human) isolates.
The deleted ORFs in one M. bovis BCG, three M. bovis (cattle), two M. bovis (human) 
and two M. africanum strains are shown with deleted RD1-RD14 and probable 
transposase regions in Figure 3.2.1.a. With the exception of known RD and probable 
transposases, the functions of deleted genes are shown in Table 3.2.1.
Some deletions are not distributed randomly but tend to be aggregated in related 
isolates. A large deleted region of Rvl355-Rvl377c and Rv3887-Rv3889 were 
detected in M. bovis human isolates (94-2240, 17069). Specific deleted genes; Rv0186, 
Rv0267 and Rv3345c-Rv3346c were identified in M. africanum (6, 85) strains. It was 
observed that a conserved hypothetical protein (Rv2635), a PPE protein (Rv3343) and
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a lipase (Rv3203) were deleted in the M. africanum and M. bovis (BCG, human, cattle) 
isolates.
With the exception of the known RD1-RD14, other genes Rvll90, Rv2635, Rv2926c 
and Rv3725 encode for hypothetical proteins and oxidoreductase were deleted in the 
BCG substrain Pasteur as was published in other study (Salamon et al., 2000). Loss of 
RD1 was important in BCG attenuation (Lewis et a l , 2003) and in this study, RD1 was 
not deleted in human and cattle M. bovis isolates.
Loss of RD9 was identified as an evolutionary lineage represented by M. africanum, 
M. microti and M. bovis that diverged from the progenitor of the present M. 
tuberculosis strains (Brosch et al., 2002). The published reports were based on 28 M. 
bovis strains isolated from human, bovine, llama, goat, seal and oryx isolates (Brosch 
et al., 2002; Cole, 2002). In this study, RD9 was present in one of the M. bovis isolated 
from cattle (97-2237). Meanwhile it was observed that RD4 was present in both M. 
africanum isolates (6, 85). Although there was a small number of human and bovine 
isolates in this study, the presence of RD4 in M. africanum and RD9 in M. bovis 
(cattle) suggested an extension to the evolutionary scenario for M. tuberculosis 
complex. A diverse lineage should exist for presence or absence of RD4 in M. 
africanum and RD9 in M. bovis strains.
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Table 3.2.1. Putative deleted genes detected in M.bovis, M.bovis BCG and M. africanum strains
Gene deleted Strains Function
Rv0186 (bglS) M. africanum (6) beta-glucosidase
Rv0267 (narU) M. africanum (85) Nitrite extrusion protein
R v l190 BCG Conserved hypothetical protein
Rvl355-Rvl377c M. bovis human 
(94-2240, 17069)
Transcriptional regulator, conserved 
hypotheticals, membrane proteins, 
oxidoreductase, lipoprotein, molybdopterin 
biosynthesis protein, anti-anti-sigma factor,
Rv2302 M. bovis cattle 
(97-2237)
Conserved hypothetical protein
Rv2635 BCG,
M. africanum (6, 85),
M. bovis human (17069), 
M. bovis cattle 
(97-2237,130, 97-2242)
Conserved hypothetical protein
Rv2926c BCG Conserved hypothetical protein
Rv3203 BCG,
M. africanum (6, 85),
M. bovis human 
(17069, 94-2240),
M. bovis cattle 
(130, 97-2237, 97-2242)
Lipase
Rv3343 BCG,
M. bovis human 
(17069, 94-2240), 
M. bovis cattle 
(130, 97-2242)
PPE protein
Rv3345c-
Rv3346c
M. africanum (6, 85) PE-PGRS, transmembrane protein
Rv3508 M. bovis human (17069), 
M. bovis cattle (130)
PE-PGRS
Rv3512 M. bovis cattle (97-2242) PE-PGRS
Rv3513 M. bovis human (17069) Fatty-acid-CoA synthetase
Rv3725 BCG Oxidoreductase
Rv3738-Rv3739 BCG,
M. bovis human (17069), 
M. bovis cattle 
(130, 97-2242)
PPE proteins
Rv3887-Rv3889 M. bovis human 
(94-2240, 17069)
Membrane proteins, hypothetical protein
The ORFs/genes and functions are based on the H37Rv genome (Cole et a l ,  1998).
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The scheme shown in Figure 3.2.1.b is based on evolutionary pathway (Brosch et al 
2002), showing presence or absence of conserved RD regions in members of the M. 
bovis and M. africanum isolates. Five of the RD regions were confirmed by sequencing 
(see Figure 3.2.1.b).
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3.2.2 Sequence-confirmation of the deleted regions in M. africanum and M. bovis 
strains
In this study, the deleted regions of RD3 and RD7-RD10 were amplified and 
sequenced for verification of deleted regions. Individual PCR analyses of the tested 
strains with either H37Rv or BCG substrain Pasteur confirmed the deletions ranging in 
size of 0.5 to 1.6 kb at five loci (RD3, RD7, RD8, RD9 and RD10) implicated from 
comparative microarray analysis.
Hybridisation results suggested genes in RD10 between Rv0221 and Rv0223c were 
absent in M. africanum (6, 85) and M. bovis human (17069, 94-2240) and M. bovis 
cattle (130, 97-2237, 97-2242) isolates. Sequence analysis confirmed a deleted region 
of 1904 bp between nucleotides 264753 and 266657 in these isolates. The verified 
deleted regions of RD10 in M  africanum and M. bovis strains are shown in Figure
3.2.2.a.
In M. africanum (6, 85) and M. bovis human (17069, 94-2240) isolates, hybridisation 
results suggested genes in RD3 between Rvl572c and Rvl587c were absent and this 
was confirmed by sequence analysis. In these isolates a deletion of 9297 bp has 
removed RD3 between nucleotides 1779278 and 1788575. The verified deleted regions 
of RD3 in M. africanum and M. bovis (human) strains are shown in Figure 3.2.2.b.
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UpC
262772bp 
I_
264753
.gaatc
268771 bp
Rv0224c
Rv0223c
i  266657 
ggata..
Coding sequences:
— ► conserved hypothetical protein 
— ► probable esterase LipC protein 
— ► probable enoyl-CoA hydratase EchA1 protein 
— ► probable aldehyde dehydrogenase protein 
— ► possible methyltransferase protein
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RV1573 RV1575 
Rv1571 Rv1574
1778840bp 
L
Rv1572c
1779278
aacgggcacc
1789840bp 
J
Rv1577c Rv1579c Rv1581c
Rv1576c
Rv1583c Rv1585c Rv1587c
Rv?578c Rv1580c *  Rv1582c R v ^ 8 4 c  *  Rv1586c Rv1588c
v  1788575
cccaccagg
Coding sequences:
— ► conserved hypothetical protein 
probable phiRvI phage protein
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The genes in RD7 between Rvl964 and Rvl978 were deleted in M. africanum (6, 85), 
M. bovis human (17069, 94-2240) and M. bovis cattle (130, 97-2237, 97-2242) 
isolates. Sequence analysis confirmed a large deletion of 12720 bp between 
nucleotides 2208005 and 2220725 in these isolates. The verified deleted regions of 
RD7 in M. africanum and M. bovis strains are shown in Figure 3.2.2.C.
From the hybridisation results, genes in RD9 between Rv2072c and Rv2075c were 
suggested as absent in M. africanum (6, 85), M. bovis human (17069, 94-2240) and M  
bovis cattle (130, 97-2242) isolates. Sequence analysis confirmed a deletion of 2495 bp 
between nucleotides 2329623 and 2332118. The verified deleted regions of RD9 in M. 
africanum and M. bovis strains are shown in Figure 3.2.2.d.
In M. africanum (6, 85), M. bovis human (17069, 94-2240) and M. bovis cattle (97- 
2237, 130, 97-2242) isolates, hybridisation results suggested genes in RD8 between 
Rv3617 and Rv3623 were absent. Sequence analysis of the region between nucleotides 
4056840 and 4062734 confirmed a deletion of 5894 bp in these isolates. The verified 
deleted regions of RD8 in M. africanum and M. bovis strains are shown in Figure
3.2.2.e
The verified deleted regions of RD3, RD7, RD8, RD9 and RD10 in M. africanum and 
M. bovis strains are shown in Figure 3.2.2.f. The functions of the confirmed deleted 
genes in M. africanum and M. bovis strains are shown in Table 3.2.2.
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2206099bp
yrbE3B mceJB
yrbE3A mce3A mce3C
RV1973 Rv1975
IprM Rv1972 RV1974 RV1977
2222098bp
Rv1976c
2208005
...aaagc
2220725
cgtggg..
Coding sequences:
conserved hypothetical integral membrane protein 
— ► MCE-family protein
— ► probable conserved mce associated membrane protein 
— ► conserved hypothetical protein 
— ► possible MCE-family lipoprotein LprM 
probable conserved membrane protein
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2333732bp23287326bp
Rv2076c
Rv2075c
2329623 
...cgggcgtt
▼ 2332118 
ggcccgg...
Coding sequences:
probable precorrin-6y methyltransferase CobL protein 
— ► conserved hypothetical protein 
— ► probable shortchain dehydrogenase protein 
— ► possible hypothetical exported or envelope protein
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Rv3618
4054792bp
I___________ L.
Rv3615c
ephA IpqG
-►  4063792bp
iJ ----------------- 1
esxV PPE65
esxW PE32
4056840
...aggca
hpt
4062734 
atgaa..
Coding sequences:
conserved hypothetical alanine and glycine rich protein 
— ► conserved hypothetical protein 
— ► probable epoxide hydrolase EphA protein 
— ► possible m onooxygenase protein
putative ESAT-6 like protein EsxV, EsxW  
— ► PPE/PE family protein 
— ► probable conserved lipoprotein LpqG 
— ► hypoxanthine-guanine phosphoribosyltransferase protein
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RD8 ------
(Rv3616c-Rv3623)
^----  RD10
(Rv0221 -Rv0223c)
oriC
. . .gaatc ggata...M. tuberculosis H37Rv
  RD3
(Rv1572c-Rv1587c)
RD9 ------
(Rv2072c-Rv2075c)
RD7
(Rv1964-Rv1978)
...cgggcgtt ggcccgg...
...aaagc cgtggg.. .
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Table 3.2.2. Region of difference RD confirmed deleted in M. bovis and M. africanum strains
Region
deleted
Strains ORF, gene Function
RD3 M. africanum (6, 85), 
M. bovis human 
(17069, 94-2240)
Rvl572c-Rv1587c phiRvl prophages
RD7 M. africanum (6, 85),
M. bovis human 
(17069, 94-2240),
M. bovis cattle 
(97-2237, 130, 97-2242)
Rvl964-Rvl978 Various exported, integral 
membrane proteins, MceP invasins
RD8 M. africanum (6, 85),
M. bovis human 
(17069, 94-2240),
M. bovis cattle 
(97-2237, 130, 97-2242)
ephA-lpqG Epoxide hydrolase, 
monooxgenase, lipoprotein, 
ESAT-6, PE, PPE family protein
RD9 M. africanum (6, 85) 
M. bovis human 
(17069, 94-2240),
M. bovis cattle 
(130, 97-2242)
co6L-Rv2075 Precorrin methylase, 
oxidoreductase, exported protein
RD10 M. africanum (6, 85),
M. bovis human 
(17069, 94-2240),
M. bovis cattle 
(97-2237, 130, 97-2242)
Rv0221 -Rv0223c Enoyl CoA hydratase, aldehyde 
dehydrogenase
The ORFs/genes and functions are based on the H37Rv genome (Cole et al., 1998).
3.2.3 Duplicated regions in M. bovis BCG substrain Pasteur
In general, the normalization procedure of a two-fold difference was developed for the 
analysis of deleted genes. In this study, genes showing a 1.5-log ratio and higher p  
values were accepted as being differentially expressed for indication of duplicated 
genes. The cutoff is determined on an array-to-array basis, accounting for variation in 
hybridisation quality.
The list of the putative duplicated genes is shown in Table 3.2.3. The GeneSpring 
scatter plot illustrating the normalised data for four microarray hybridisations is shown 
in Figure 3.2.3. The genes indicated on the scatter plot showed as being differentially 
hybridised for putative duplicated and deleted genes in BCG substrain Pasteur.
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The regions DU1 (Rv3911-Rv0013) and DU2 (Rv3213c-Rv3230c, Rv3290c-Rv3302c) 
were detected in the vaccine strain M. bovis BCG Pasteur 1173P2 (Brosch et al.,
2000). In this hybridisation study, most of the genes in DU2 (Rv3223c-Rv3225c, 
Rv3227-Rv3229c, Rv3293-Rv323298c, Rv3300c, Rv3302) and one gene (Rv0008c) of 
the DU1 region were detected as putative duplicated. In the tested BCG strain, there is 
a possibility that there is no duplication event of DU1. The DU1 region consisted of 30 
kb and had resulted from a single duplication event. However DU2 arose from 
duplication of a 100 kb region that subsequently incurred an internal deletion of 64 kb. 
The duplication in DU2 region might continue to expand (Brosch et a l, 2000).
Based on the normalized value and p  value <0.1, regions consisting of Rv0832- 
Rv0834c and Rv3508-Rv3514 could be putative duplicated regions. These genes 
encode for PE-PGRS proteins. However, not all normalized and significance p  value 
events automatically indicated duplication events, as cross-hybridisation and copy 
number of PPE genes could affect the hybridisation signal. Therefore, more evidence is 
needed to prove this putative duplicated region.
Two variants of M. bovis BCG Pasteur 1173P2 existed containing one or two copies of 
DU2 (Brosch et al., 2000), suggesting an ongoing process of tandem duplications in 
BCG and a potent source of genome dynamics. Based on the analysis of the collection 
of 13 BCG strains (Behr, 2001), duplications could have occurred in 1925-1926 
(DU2B), 1931-1934 (DU2A) and after 1938 (DU1). Gene duplication would be 
considered an important prerequisite for gene innovation that can facilitate adaptation
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to changing environments (Gevers et al., 2004).
Table 3.2.3 Putative duplicated genes in M. bovis BCG substrain Pasteur
Duplicated StdErr
ORF/gene region Normalized Norm t-test P-value
Rv0008c DU1 1.88 0.24 0.002931068
Rv0832 (PE-PGRS) 2.00 0.34 0.005537959
Rv0833 (PE-PGRS) 2.07 0.33 0.003413368
Rv0834c (PE-PGRS) 2.73 0.45 0.001807511
Rvl091 (PE-PGRS) 2.08 0.24 0.001022508
Rv 1450c (PE-PGRS) 2.07 0.22 0.002500389
Rv2098c (PE-PGRS) 1.99 0.23 0.002472714
Rv2126c (PE-PGRS) 2.57 0.48 0.004482637
Rv2490c (PE-PGRS) 2.07 0.22 0.001522023
Rv2634c (PE-PGRS) 1.94 0.23 0.00210618
Rv2741 (PE-PGRS) 2.12 0.24 0.002770962
Rv2935 ippsE) 8.28 2.01 0.002136843
Rv3223c (sigh) DU2 2.08 0.34 0.003172309
Rv3224 2.30 0.24 3.42E-04
Rv3225c 2.44 0.53 0.011388659
Rv3227 (aroA) 2.42 0.62 0.022031348
Rv3228 2.25 0.43 0.008125609
Rv3229c (desA3) 1.86 0.35 0.014299424
Rv3293 (aldB) DU2 3.07 0.53 0.002152911
Rv3294 1.93 0.58 0.079272844
Rv3295 2.68 0.22 3.01E-04
Rv3296 (Ihr) 2.39 0.46 0.006127527
Rv3297 (nei) 2.23 0.47 0.013240981
Rv3298c (IpqC) 2.41 0.45 0.004853407
Rv3300c 2.15 0.40 0.004954233
Rv3302c (glpD2) 2.48 0.38 0.001136083
Rv3344c (PE-PGRS) 1.99 0.36 0.009286202
Rv3508 (PE-PGRS) 2.12 0.23 0.002430491
Rv3511 (PE-PGRS) 2.7 1.16 0.09273457
Rv3512 (PE-PGRS) 2.13 0.21 0.00163918
Rv3514 (PE-PGRS) 2.26 0.44 0.008335469
The ORFs/genes in the shaded boxes corresponded to duplicated genes in M. bovis 
BCG substrain Pasteur (Brosch et al., 2000). The ORFs/genes and functions are 
based on the H37Rv genome (Cole et al., 1998).
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3.3 Comparative genome analysis of M. tuberculosis strains from the same 
geographical area
The polymorphism of strains from the same geographical area were studied using 
microarray analysis. In this study, it was performed on genomic DNA isolated from 15 
of the M. tuberculosis India strains. DNA polymorphism associated with insertion 
elements and phage typing has been exploited to differentiate clinical M. tuberculosis 
isolated in India (Radhakrishnan et al., 2001). The list of DNAs used is detailed in 
Table 3.3.1.
From the information available, these India strains were epidemiologically linked 
within a common IS6770-RFLP and phage-defined clusters. The India strains (1,5, 44, 
58, 63 and 74) were AoX9II-defined phage type, India strains (1, 21, 44, 55, 58, 63 and 
74) were one copy IS6110-banding and India strains (5, 12, 26, 27, 68, 73 and 77) were 
multiple copies IS6170-banding.
Table 3.3.1. The DNAs of M. tuberculosis India strains
DNA no. Species Remarks
India 1 M. tuberculosis 1 copy ofIS<5770, phage type AoX9II
India 5 M. tuberculosis 5 copies of IS6110, phage type AoX9II
India 12 M. tuberculosis 12 copies of IS6110, phage type B
India 21 M. tuberculosis 1 copy of IS6110, phage type AoXIV
India 26 M. tuberculosis 4 copies of IS6110, unknown phage type
India 27 M. tuberculosis 8 copies of IS6110, phage type AoX9IV
India 44 M. tuberculosis 1 copy of IS6110, phage type AoX9II
India 55 M. tuberculosis 1 copy of IS6710, phage type Aol
India 58 M. tuberculosis 1 copy of 1S6110, phage type AoX9II
India 63 M. tuberculosis 1 copy of IS6U0, phage type AoX9II
India 68 M. tuberculosis 15 copies of IS6770, phage type B
India 73 M. tuberculosis 13 copies ofIS6770, phage type AoII
India 74 M. tuberculosis 1 copy ofIS6770, phage type AoX9II
India 77 M. tuberculosis 12 copies of IS6770, phage type AoX9III
India (no IS6U0) M. tuberculosis India 74 (no IS<5770 element)
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3.3.1 Analysis of the genomic DNA microarray hybridisation
The comparative microarray analysis has an important implication for the detection of 
polymorphism of M. tuberculosis from the same geographical region. The Rvl524- 
Rvl525, Rvl756c-Rvl765c, Rv2635, Rv2814c-Rv2815c, Rv3019c-Rv3021c, Rv3135, 
Rv3203 and Rv3651 genes were deleted and common in these India strains.
The deleted ORFs in 15 of the M. tuberculosis India strains are shown in Figure
3.3.1.a. The deleted ORFs in seven of the M. tuberculosis India strains having single 
copy ofISd770 element are shown in Figure 3.3.1 .b. The deleted ORFs in seven of the 
M. tuberculosis India strains having multiple copies of IS6110 elements are shown in 
Figure 3.3.I.e. The deleted ORFs in six of the M. tuberculosis India strains identified 
as phage type AoX9II are shown in Figure 3.3.1 .d. The functions of deleted genes not 
including probable transposases, RD3, RD6 and RD11 are shown in Table 3.3.2.
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Among these strains, India 27 was the strain with the least deleted regions; Rvl524, 
Rvl525, RD3, Rvl804c, Rv3135 and Rv3651. Beside the known RD3, these genes 
encode hypothetical proteins, transferase proteins and PPE proteins. The India 27 strain 
having the least deletion would be closer to the representative H37Rv compared to 
other India strains. Further investigations including confirmation of these deletions, 
phenotypic and gene expression studies would be interesting for this India 27 strain.
The region Rvl756c-Rvl765c was deleted and common in these India strains. This 
region coincides with the RvD2 region in the genome of H37Rv (Sampson et al.,
2001). However, RvD2 region was known to be variable in most of the M. tuberculosis 
strains (Brosch et al., 2002).
Other genes deleted in these strains include the ESAT-6 proteins (Rv3019c-Rv3020c) 
but this would need further confirmation. The gene Rv3019c (esxR) is homologous to 
the ESAT6-CFP10 family and Rv3020c (esxS) is a homologue to other PE genes. This 
homology would affect the hybridisation signal. The genes esxR and esxS were 
confirmed as deleted in several strains of the M. tuberculosis complex (Marmiesse et 
al., 2004).
Investigation into spoligotyping patterns of the strains with deletion in Rv2814c- 
Rv2815c would be interesting. Spoligotyping is influenced by insertion of IS6110 into 
either the direct repeat or spacer sequences (Warren et al., 2002). The common 
spoligotype for the Beijing strains is S00034 (Bifani et al., 2002). Investigation in the
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deletion of the whole locus Rv2814c-Rv2820c would be interesting for clustering these 
isolates as the Beijing family of M. tuberculosis. In Section 3.5, the locus Rv2814c- 
Rv2820c was confirmed as deleted in the Beijing strains (22, 30, 94-1576 and 94- 
1707).
The region Rvl524-Rvl525 was deleted and common in these India strains. Rvl524- 
Rvl525 encode for transferase proteins and Rv3651 encodes for a hypothetical protein; 
these were confirmed as deleted in some clinical isolates (Tsolaki et al., 2004).
Investigation of the gene Rv3135 would be interesting for the strains India (no 
IS6770), 1, 5, 21, 27, 63 and 74. The Rv3135 gene belongs to the PPE (Pro-Pro-Glu) 
proteins having a polymorphic repetitive sequence system. This gene would have a 
strong likehood of cross-hybridising and difficult to characterise as present or deleted. 
In the Beijing strains (94-1576 and 94-1707), the locus Rv3135 was detected as present 
in the microarray hybridisation. In Section 3.6, further analysis by PCR of the Beijing 
strains showed amplicons were 300 bp bigger than H37Rv.
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Table 3.3.2. Putative deleted genes detected in M.tuberculosis India strains
Deleted genes India Strains Function
Rv0029-Rv0030 India 5 Hypothetical proteins
Rv0145 India 77 Hypothetical protein
Rv0279 India74 PE-PGRS
Rv0376-Rv0377 India 77 Hypothetical proteins
Rvl457 India 68 Antibiotic-transport integral 
membrane protein ABC transporter
Rvl496 India 73 Transport system kinase
R vl511 (zmdA) India 73 Mannose dehydratase
Rvl519 India 73 Hypothetical protein
Rvl524-Rvl525 India (no IS6110), 1 ,5,12,21, 
27,44, 55, 63, 74
Glycosyltransferase, rhamnosyl 
transferase
Rvl595 (nadB) India 68 Aspartate oxidase
Rvl604 {impA) India 68 Inositol monophosphatase
Rvl614 (Igt) India 68 Prolipoprotein diacylglyceryl 
transferases
Rvl633 (uvrB) India 68 Excinuclease ABC
Rv1640c (lysX) India 68 Lysyl-tRNA synthetase
Rvl660 (pkslO) India 68 Chalcone synthase
Rvl679 (fadE16) India 68 Acyl-CoA dehydrogenase
Rv 1756c- 
Rv1765c 
(RvD2 region)
India (no IS6110), 1, 5, 21, 26, 
44, 55, 58, 63, 73, 74 and 77
Phospholipase C, cutinase, 
hypothetical proteins, transposases
Rv1804c India 27 Hypothetical protein
Rvl895-Rvl898 India 1 Dehydrogenase, hypothetical 
proteins
Rvl917c India 73 PPE protein
Rv2245-Rv2247 India 12 Ketoacyl-ACP synthase, propionyl- 
CoA carboxylase
Rv2635 India (no IS6110), 1,58, 63, 
and 74
Hypothetical protein
Rv2814c-
Rv2815c
India (no IS6110), 1, 5, 21, 26, 
44, 55, 58, 63, 68,74 and 77
Transposases
Rv3019c-
Rv3021c
India (no IS6110), 1 ,5 ,6 3 ,6 8 , 
and 73
Hypothetical proteins, ESAT-6 
proteins
Rv3135 India (no IS6U0), 1 ,5 ,2 1 ,2 7 , 
63 and 74
PPE protein
Rv3203 India (no IS6110), 1, 44, 55, 58, 
63 and 74
Lipase
Rv3443 India 26 PPE protein
Rv3403c-
Rv3404c
India 26 Hypothetical proteins
Rv3510-Rv3511 India 74 Hypothetical protein, PE-PGRS
Rv3517 India 73 Hypothetical protein
Rv3651 India (no IS<57 7 0), 1,5, 12, 27, 
44, 55, 58, 63 and 74
Hypothetical protein
Rv3738 India 68 and 73 PPE protein
The ORFs/genes and functions are based on the H37Rv genome (Cole et a l ,  1998).
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Functional proteins such as transporter protein, oxidase, monophosphate, excinuclease 
ABC, synthetase, transferases, dehydrogenase, hypothetical proteins and ESAT-6 
proteins were deleted genes in the India 68 strain. This suggests that deletions of these 
functional proteins are not deleterious to India 68 strain and it would be interesting to 
confirm these deletions and further phenotypic and gene expression studies on this 
strain.
For further investigation, this study included genomic deletions of the India strains 
with known IS6110 RFLP and phage-defined typing. Phage typing utilized specific 
mycobacteriophages to detect the presence of live M. tuberculosis (Alcaide et al., 
2003).
Although a deletion pattern could not be seen for epidemiologically linked isolates 
with multiple copies of IS6770, analysis of strains with one copy IS6110 and phage 
AoX9II-defined cluster demonstrated an identical genomic deletion for probable 
transposase genes, prophage-like genes, Rvl524-Rvl525, Rvl756c-Rvl765c, Rv2635, 
Rv2814c-Rv2815c, Rv3019c-Rv3021c, Rv3135, Rv3203 and Rv3651 genes. It is 
known that the low-IS67 70-copy-number strains are evolutionary distinct from the 
high-IS67 7 0-copy-number strains (Fomukong et al., 1997). However, identical 
genomic deletion patterns for epidemiologically linked isolates cannot be overlooked 
since in a large geographical area as such India, 40% of M. tuberculosis isolates have 
only one IS6770 element (Das et al., 1995).
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3.4 Comparative genome analysis of M. tuberculosis strains from different 
geographical areas
Tuberculosis is a disease found in every part of the world. This section focuses on 
investigating the polymorphism in the M. tuberculosis strains from different 
geographical areas. The genomic DNAs from 13 of the M. tuberculosis strains were 
analysed using the microarray technique. The list of the DNAs is detailed in Table
3.4.1.
Table 3.4.1. The DNAs of M. tuberculosis strains
DNA no. Species Remarks
10 M. tuberculosis Ecuador
35 M. tuberculosis Rwanda, African family
49 M. tuberculosis Tanzania
53 M. tuberculosis Argentina, Haarlem
74 M. tuberculosis India 74, no IS6/70
00-872 M. tuberculosis no IS6110, Netherlands
95-207 M. tuberculosis no IS6110, Netherlands
29a M. tuberculosis no IS6110, Vietnam
99-467 M. tuberculosis no IS 6110, Netherlands
99-1767 M. tuberculosis no IS6110, Netherlands
65 M. tuberculosis no IS6110, Netherlands
99-725 M. tuberculosis no IS6110, Indonesia
99-1196 M. tuberculosis no IS6110, Indonesia
3.4.1 Analysis of the genomic DNA microarray hybridisation
The deleted ORFs in the M. tuberculosis strains isolated from different geographical 
areas are shown in Figure 3.4.1.a. The deleted ORFs in the M. tuberculosis strains with 
no copy o f 1S6110 element and isolated from different geographical areas are shown in 
Figure 3.4.1.b. With the exception of known RD2, RD3, RD5, RD6, RD7, RD8 and 
RD11 and probable transposases, the deleted genes in the strains from different 
geographical areas are shown in Table 3.4.2. and epidemiologically linked strains 
within a common IS6110 RFLP cluster are shown in Table 3.4.3.
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Investigation included epidemiologically linked isolates within a common IS6110 
RFLP cluster. As prophage-associated genes are horizontally transferred (Mahillon & 
Chandler, 1998), it was not unexpected to detect deletion of RD3 and RD11 in these 
strains from various geographical areas. These regions were confirmed as deleted in 
some clinical isolates of M. tuberculosis (Gordon et al., 1999).
Although unique polymorphism was seen for the isolates from different geographical 
areas, analysis of the epidemiologically linked strains (without ISd/70 element) 
demonstrated a common genomic deletion. Rvl067c, Rvl524-Rvl525, Rvl754c- 
Rvl765c, Rv2814c-Rv2815c, Rv3203 and Rv3651 genes were deleted and common in 
these epidemiologically related isolates. These genes encode conserved hypothetical 
proteins, a PE-PGRS protein, transposases, transferase proteins and a lipase protein 
occurred throughout the isolates.
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Table 3.4.2. Putative deleted genes detected in M.tuberculosis strains from
 _______ different geographical areas____________________________
Deleted genes Strains Function
Rv0064 Argentina (Haarlem) Transmembrane protein
Rv0073 Beijing (22) ATP binding protein
Rv0278c Rwanda PE-PGRS protein
Rv0279c Beijing (22), Vietnam (29a) PE-PGRS protein
Rv0388c Vietnam (29a) PPE protein
Rv0888-Rv0891 Rwanda Hypothetical protein, citrate synthase, 
regulatory protein
Rv1067c Rwanda, India (no IS6110), 
Vietnam (29a)
PE-PGRS protein
Rvl354c-Rvl356c Argentina (Haarlem) Hypothetical proteins, molybdopterin 
biosynthesis protein
Rv1362c Rwanda Membrane protein
Rvl519 Tanzania Hypothetical protein
Rvl524-Rvl525 India (no IS6U0), 
Indonesia (99-725), 
Vietnam (29a)
Methyltransferase protein, 
glycosyltransferase protein
Rvl754c-Rv1765c 
(RvD2 region)
Beijing (22), Ecuador, India (no 
IS<5/70), Indonesia (99-725), 
Vietnam (29a)
Phospholipase C, cutinase, hypothetical 
proteins, transposases
Rvl995 Ecuador Hypothetical protein
Rv2018 Rwanda Hypothetical protein
Rv2271-Rv2277c Argentina (Haarlem) Hypothetical protein, transmembrane 
proteins, cytochrome P450, 
glycerolphosphodiesterase
Rv2578c-Rv2579 Rwanda Hypothetical protein, haloalkane 
dehalogenase
Rv2814c-Rv2815c 
(Direct repeats 
region)
Beijing (22), Rwanda, 
India (no IS6110), 
Vietnam (29a)
Hypothetical proteins, transposases
Rv3019c-Rv3021c Argentina (Haarlem), 
India (no IS6110)
Hypothetical proteins, ESAT-6 proteins
Rv3135 Argentina (Haarlem), India (no 
IS 6110), Indonesia (99-725), 
Vietnam (29a)
PPE protein
Rv3142c Tanzania Hypothetical protein
Rv3203 (lipV) India (no IS6110), Indonesia 
(99-725), Vietnam (29a)
Lipase
Rv3207c India (no IS6110) Hypothetical protein
Rv3323c Argentina (Haarlem) MoaD-MoaE fusion protein
Rv3351c-Rv3352c Ecuador Hypothetical protein, oxidoreductase
Rv3517 Tanzania Oxidoreductase
Rv3651 India (no IS6110), Indonesia 
(99-725), Vietnam (29a)
Hypothetical protein
Rv3738c-Rv3739c Tanzania PPE proteins
The ORFs/genes and functions are based on the H37Rv genome (Cole et al., 1998).
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Table 3.4.3. Putative deleted genes detected in epidemiologically linked M.tuberculosis strains
Deleted
genes
Strains Function
Rv0170c Netherlands (99-467) Mce-family protein
Rv0279c Netherlands (99-1767), Vietnam (29a) PE-PGRS protein
Rv0387c-
Rv0388c
Vietnam (29a) Hypothetical protein, PPE 
proteins
Rv0830 Netherlands (99-467) Hypothetical protein
Rv1067c Netherlands (99-1767), Netherlands (65), India (no 
IS<5770), Vietnam (29a)
PE-PGRS protein
Rvl262 Netherlands (99-467) Hypothetical HIT-like protein
Rvl524-
Rvl525
Netherlands (99-1767), Indonesia (99-1196), 
Netherlands (00-872), Netherlands (65), India (no 
IS6JJ0), Indonesia (99-725), Vietnam (29a)
Methyltransferase protein, 
glycosyltransferase protein
Rvl545 Netherlands (99-467) Hypothetical protein
Rvl595 Netherlands (99-467) L-aspartate oxidase
Rvl606 Netherlands (99-467) Cyclohydrolase
Rv1754c- 
Rvl765c 
(RvD2 
region)
Netherlands (99-467), Netherlands (99-1767), 
Netherlands (95-207), Netherlands (00-872), 
Indonesia (99-1196), Netherlands (65), India (no 
IS6110), Indonesia (99-725), Vietnam (29a)
Phospholipase C, cutinase, 
hypothetical proteins, 
transposases
Rv2422 Netherlands (99-467) Hypothetical protein
Rv2018 Rwanda Hypothetical protein
Rv2271-
Rv2277c
Argentina (Haarlem) Hypothetical proteins, 
transmembrane proteins, 
cytochrome P450, 
glycerolphosphodi esterase
Rv2578c-
Rv2579
Rwanda Hypothetical protein, haloalkane 
dehalogenase
Rv2814c-
Rv2815c
(Direct
repeats
region)
Netherlands (99-467), Netherlands (99-1767), 
Netherlands (95-207), Netherlands (00-872), 
Indonesia (99-1196), Netherlands (65), India (no 
IS6770), Indonesia (99-725), Vietnam (29a)
Transposases
Rv2866 Netherlands (99-467) Hypothetical protein
Rv3019c-
Rv3021c
India (no IS6770) ESAT-6 proteins, PPE protein
Rv3144c Netherlands (99-467) PPE protein
Rv3203
(lipV)
Netherlands (99-1767), Indonesia (99-725), 
Netherlands 95-(207), Indonesia (99-1196), 
Netherlands (65), India (no IS6770), Vietnam (29a)
Lipase
Rv3207c India (no IS6770) Hypothetical protein
Rv3509c- 
Rv351lc
Netherlands (65) PE-PGRS protein, 
acetohydroxyacid synthase, 
hypothetical protein
Rv3617 Netherlands (99-1767), Netherlands (95-207), 
Vietnam (29a)
Hydrolase
Rv3651 Indonesia (99-1196), Netherlands (65), India (no 
IS6770), Indonesia (99-725), Vietnam (29a)
Hypothetical protein
Rv3890c-
Rv3891c
Netherlands (99-467) ESAT-6 proteins
The ORFs/genes and functions are based on the H37Rv genome (Cole et al., 1998).
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3.5 Comparative genome analysis of M. tuberculosis Beijing strains
The Beijing strains of M. tuberculosis were first identified in the Beijing province of 
China but are currently identified also in other parts of the world. It has been 
postulated that the Beijing strains are widespread because people vaccinated with BCG 
remain more susceptible to Beijing strains than to other M. tuberculosis strains (van 
Soolingen et al., 1995). However, this is unlikely because the frequency of Beijing 
strains are similar in BCG-vaccinated and non-vaccinated persons (Anh et al., 2000) 
and the Beijing genotype is dominant in countries such as United States, where 
widespread BCG vaccination has not been given for decades.
M. tuberculosis H37Rv and Beijing (94-1576 and 94-1707) strains were grown in 
Dubos broth (A^ oo 0.8-1.0) and DNA extraction was carried out as described in Section 
2.2.6. The list of the M. tuberculosis Beijing strains used in this study is detailed in 
Table 3.5.
Table 3.5 The M. tuberculosis Beijing strains
DNA no. Species Remarks
30* M. tuberculosis Beijing genotype
22* M. tuberculosis Beijing genotype
94-1576 M. tuberculosis Beijing genotype
94-1707 M. tuberculosis Beijing genotype
a. The DNAs were obtained from Dr D.van Soolingen and colleagues.
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3.5.1 Identification and description of the deleted regions
3.5.1.1 PCR-based verification of deleted loci
Initially to confirm the presence or absence of genes that showed no or weak 
hybridisation, PCR reactions were performed using the relevant primers synthesized to 
produce probes for the microarray slides. The result of PCR analysis is shown in Table
3.5.1
Analysis of the PCR products for the genes Rv0070c, Rv0071 and Rv0075 yielded 
identically sized fragments with H37Rv suggesting these loci were not deleted in the 
Beijing strains. As for Beijing strains, PCR product was not obtained for the genes 
Rv0072, Rv0073 and Rv0074. A PCR analysis with primers flanking the locus 
Rv0068c-Rv0075 was used for confirmation of deletion in Beijing strains.
The PCR products of H37Rv and Beijing 94-1707 for the genes Rvll85, Rvll86c, 
Rvl 187, Rvl 188 and Rvl 189 yielded identically sized fragments suggesting these loci 
were not deleted. As for Beijing 94-1576, PCR product was not obtained for genes 
Rvl 187 and Rvl 188. PCR analysis with primers flanking the whole locus Rvl 186c- 
Rvll89 resulted in fragments of approximately 1 kb (for Beijing 94-1576) and 4 kb 
(for H37Rv and Beijing 94-1707), confirming this deletion only occurred in Beijing 
94-1576.
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Table 3.5.1 PCR analysis of putative deleted genes
Gene
PCR reaction8
22 30 94-1576 94-1707
Rv0070c ND ND Yes Yes
Rv0071 ND ND Yes Yes
Rv0072 ND ND No No
Rv0073 ND ND No No
Rv0074 ND ND No No
Rv0075 ND ND Yes Yes
Rv0279c No No ND ND
R vl185 ND ND Yes Yes
Rvl186c ND ND Yes Yes
R v l187 ND ND No Yes
R v l188 ND ND No Yes
R vl189 ND ND Yes Yes
Rvl754c ND ND Yes Yes
Rvl755c ND ND No No
Rvl756c ND ND Yes Yes
Rvl757c ND ND Yes Yes
R vl758 ND ND No No
Rvl759c ND ND Yes Yes
Rvl760 ND ND No No
Rvl761c ND ND No No
Rvl762c ND ND No No
R vl763 ND ND Yes Yes
Rv2352c* Yes ND ND ND
Rv2544* Yes Yes Yes Yes
Rv2651c ND ND Yes ND
Rv2814c ND ND Yes Yes
Rv2815c ND ND Yes Yes
Rv2816c ND ND No No
Rv2817c ND ND No No
Rv2819c ND ND No No
Rv2820c ND ND No No
Rv2821c ND ND Yes Yes
Rv3179 ND ND Yes Yes
Rv3180c ND ND Yes Yes
Rv3181c ND ND No Yes
Rv3182 ND ND No Yes
Rv3183 ND ND No Yes
Rv3184 ND ND No Yes
Rv3188 ND ND Yes Yes
Rv3189 ND ND No Yes
Rv3190c ND ND Yes Yes
a Yes, PCR product present; No, PCR product absent; ND, not determined. 
* PCR products were confirmed by sequencing.
The shaded OFRs/genes were further confirmed by sequencing.
The ORFs/genes are based on the H37Rv genome (Cole et al., 1998).
96
Analysis of the PCR products for the genes Rv2814c, Rv2815c and Rv2821c yielded 
identically sized fragments with H37Rv suggesting these loci were not deleted in 
Beijing strains. Further PCR analysis with primers flanking the whole locus Rv2815c- 
Rv2820 was discussed in Section 3.5.1.2. The presence of PCR products for the 
Rv2821c gene showed that this locus was not deleted in Beijing strains.
Analysis of the PCR products for the genes Rv3180c, Rv3181c, Rv3182, Rv3183, 
Rv3184, Rv3188, Rv3189 and Rv3190c yielded identically sized fragments with 
H37Rv and Beijing 94-1707 suggesting these loci were not deleted. As for Beijing 94- 
1576, no PCR product was obtained for other genes (Rv3181c, Rv3182, Rv3183, 
Rv3184 and Rv3189). A cross-hybridisation with another hypothetical gene would 
produce the PCR product for the Rv3188 gene. PCR analysis with primers flanking the 
locus Rvl 186c-Rvl 189 confirmed that deletion of this region only occurred in Beijing 
94-1576.
Identical sized fragments of the PCR products were obtained for H37Rv and Beijing 
strains, suggesting these (Rvl754c, Rvl756c, Rvl757c, Rvl759c, Rvl763, Rv2352c 
and Rv2544) loci were not deleted. BLAST analysis of the primers for these genes 
showed potential cross-hybridisation with transposase genes, which may have no 
difference in sequence or copy number between H37Rv and Beijing strains. The spot 
amplicons on the microarray slides did not contain the full length ORFs, therefore 
cross-hybridisation with other spots of transposase or repetitive genes could happen.
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3.5.1.2 Sequence-confirmation of the deleted regions in Beijing strains
After confirmation of each spot, more PCRs with primers encompassing the putative 
deleted regions were performed, as well as with H37Rv for comparison. Comparison 
of the sequence data with annotated H37Rv genome demonstrated that the sequences 
in H37Rv would correspond with the sequences flanking the deleted loci in Beijing 
strains. Meanwhile the predicted size of the PCR products for each deletion accorded 
well with the sizes measured by gel electrophoresis.
The regions of putative deleted ORFs in M. tuberculosis Beijing strains are shown in 
Figure 3.5. Seven regions were detected as putative deletions, four regions (Rv0071- 
Rv0074, Rvl 572c-Rv1587c, Rvl754c-Rv 1765c and Rv2815c-Rv2820c) were 
common deletions, one region (Rv0279) was specific to strains 22 and 30 and two 
regions (Rvl 186c-Rvl 188 and Rv3180c-Rv3190c) were specific to strain 94-1576. Six 
of seven deletions were confirmed by sequencing of the PCR amplicons across the 
predicted deletion points.
Hybridisation results suggested that genes between Rv0071 and Rv0074 were absent in 
the tested Beijing (94-1576 and 94-1707) strains. Sequence analysis of the region in 
these Beijing strains confirmed this finding. In these strains, 3530 bp of the region 
Rv0071-Rv0074 was deleted between nucleotides 79506 and 83036. The confirmed 
deletion of Rv0071-Rv0074 in M. tuberculosis Beijing strains is shown in Figure 3.5.a.
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Coding sequences:
— ► conserved hypothetical protein 
— ► probable phiRvI phage protein
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The microarray hybridisation together with PCR analysis using primers used for the 
microarray suggested that genes of the region Rvll86c-Rvll88 were only absent in 
the tested Beijing 94-1576 strain. This was confirmed in the sequence analysis showing 
a deletion of 2923 bp between nucleotides 1328981 and 1331904. The confirmed 
deleted region of Rvll86c-Rvll88 in M. tuberculosis Beijing strain 94-1576 is shown 
in Figure 3.5.b.
The microarray hybridisation results, and later confirmation with sequence analysis, 
showed that the genes in region Rvl572c-Rvl587c were deleted in the four tested 
Beijing strains. In these strains a deletion of 1914 bp occurred in the genes Rvl572c- 
Rvl587c between nucleotides 1779278 and 1788575. The whole H37Rv genome 
sequence (Cole et al., 1998) revealed evidence of the prophage element phiRvl 
between the designated gene Rvl572c and Rvl587c. The confirmed deleted region of 
Rvl572c-Rvl587c in M. tuberculosis Beijing strains is shown in Figure 3.5.C.
Hybridisation results suggested that genes between Rvl754c and Rvl765c were absent 
in the four tested Beijing strains. The deleted region of Rvl754c-Rvl765c in M  
tuberculosis Beijing strains is shown in Figure 3.5.d. This was confirmed by sequence 
analysis and shown in Figure 3.5.e. Sequencing of the immediate flanking DNA 
revealed several interesting features: (i) It contained an IS6110 element orientated with 
its inverted repeat left (IR-1) towards Rvl 754c; (ii) The IS6110 element was intact and 
1.3 kb long; (iii) The inverted repeat right (IR-r) of the IS6110 was at nucleotide 
1998623 and IR-1 at nucleotide 1986558, indicating the loss of 12065 bp between
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Rvl754c and Rvl765c; (iv) Direct repeats sequences was not detected flanking the 
IS6770 element.
It is proposed that homologous recombination is the possible mechanism for the 
deleted region of Rvl754c-Rvl765c in Beijing strains 22, 30, 94-1576 and 94-1707. 
This is shown in Figure 3.5.f. Repeated sequence can provide regions of homology 
between which recombination can cause deletion (Petes & Hill, 1988). Homologous 
recombination of two adjacent IS6770 elements would result in the deletion of the 
DNA segment between two IS6770 elements and also deletion of one of the IS6770 
elements. The scenario would be as follows (Fang et a l , 1999): An IS6770 insertion 
occurs in the regions between Rvl754c and Rvl765c with its IR-1 towards the flanking 
sequence. Then, a second IS 6110 element inserts into the region in the same 
orientation as the first element; recombination between these two elements, probably 
via a RecA-dependent system (Groenen et al., 1993), results in the deletion of the 
Rvl754c-Rv1765c region.
A homologous-recombination-based mechanism is proposed as the most likely 
mechanism since the recent common ancestor of these strains had two IS 6110 
insertions in the locus (Brosch et al., 1999) in the evolutionary history. In addition, 
since the insertions are in the same orientation, this is liable to generate a deleted 
region. Homologous recombination was proposed for the DNA polymorphism seen 
within the IS1547 loci of M. tuberculosis (Fang et al., 1999).
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The deleted region of Rvl754c-Rv 1765c in the four tested Beijing strains (22, 30, 94- 
1576 and 94-1707) coincide with the RvD2 locus (Lari et al., 2001). The presence of 
the IS6770 in both Beijing strains (94-1576 and 94-1707) supported the previous study 
on IS6770 insertion of the plcD gene (Brosch et al., 1999). Although the phospholipase 
C protein is involved with virulence, however, deletion of the Rvl 754c-Rv1765c has 
no consequence for the virulence of M. tuberculosis. There are few genes (plcA, B, C, 
D) coding for phospholipase C protein: three genes, plcA, B and C, are located at 
position 2351 and arranged in tandem; plcD is located at position 1755 on the genomic 
map of M. tuberculosis H37Rv. The disruption of the pic A, B and C locus in the M. 
tuberculosis provided conclusive evidence for a role of phospholipases in virulence 
(Raynaud et a l , 2002b).
In the four tested Beijing strains, a deletion of 6049 bp occurred in the region of 
Rv2815c-Rv2820c between nucleotides 3121878 and 3127927, including parts of the 
direct repeat (DR) locus. The confirmed deleted region of Rv2815c-Rv2820c in M. 
tuberculosis Beijing strains is shown in Figure 3.5.g. This finding also confirmed these 
strains as typical of the Beijing group (Mokrousov et al., 2002a). The M. tuberculosis 
DR locus has an unusual structure, with the direct repeats of approximately 36 bp 
interspersed by unique ‘spacer’ sequences of a similar size (van Embden et al., 2000). 
While the function of the DR locus is unclear, an alternative possibility is that this 
locus is involved in regulating replication (Mojica et al., 1995) and this deletion would 
enhance bacterial division for the Beijing family (Beggs et al., 2000).
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Warren et al. (2002) illustrated the deletion of the DR locus for M. tuberculosis strains. 
Deletion of this region influenced the spoligotype S00034 for the Beijing strains, only 
nine spacers are present from 35 to 43 (Bifani et al., 2002) between the gene Rv2815c 
and Rv2816c (Sampson et al., 2001). The mediated deletion event in DR locus is 
unknown and since there is no putative ancestor with this deletion, the Beijing strain 
was thought to be an ‘ancient’ strain (Sampson et al., 1999) but was later proposed as a 
‘modem’ strain (Brosch et a l, 2002).
A deletion of 6189 bp was detected in the intergenic regions of Rv3180c-Rv3190c 
between nucleotides 3549199 and 3555388. The confirmed deleted region of Rv3180c- 
Rv3190c in Beijing 94-1576 strain is shown in Figure 3.5.h. The size of amplicons for 
H37Rv and Beijing 94-1707 were approximately 10 kb and for Beijing 94-1576, it was 
approximately 3.0 kb as shown in Figure 3.5.i.A. Sequencing of the PCR amplicons 
indicated the presence of a combined element consisting of ORF1 of IS 6110 and part 
of a transposase gene. The combined element consisted of a partial IS6110 insertion 
with ORF1 (start codon ATG), lacking the characteristic 3 to 4 bp direct repeats 
sequence flanking the inverted repeats region and a transposase gene replacing ORF2 
ofIS<5770. The partial IS6770 element is shown in Figure 3.5.i.B.
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3.6 Genotyping of Beijing strains
Multilocus analysis is required for identification of M. tuberculosis Beijing strains 
because these strains are identical in their genetic markers profiles (PGRS, DR-based 
spoligotyping, VNTR and IS6/70-RFLP). In this study, the genotyping of the Beijing 
strains was determined by PCR amplification and confirmed by sequencing. The 
sequencing data were assembled and edited using Editseq and Megalign programs 
(DNASTAR, Madison, USA) and the sequences were compared using TubercuList and 
the NCBI BLAST network service. The PCR amplicons for genotyping of Beijing 
strains are shown in Figure 3.6.
3.6.1 Rv3135 region
The Rv3135 gene belongs to the multiple gene family encoding the PPE (Pro-Pro-Glu) 
proteins and in the Beijing strains could be analysed by PCR (Musser et al., 2000). It is 
suggested PPE proteins participate in antigenic variation or interfere with host immune 
responses by inhibiting antigen processing (Cole et a l , 1998).
In this study, the Rv3135 region was analysed in three Beijing strains (94-1576, 94- 
1707 and 22). A PCR product for Beijing strains was approximately 1.3 kb compared 
to 1.0 kb for H37Rv strain. The PCR fragments are shown in Figure 3.6.A. Both the 
outer-Forward and outer-Reverse primers did confirm the Rv3135 gene as shown in 
Figure 3.6.1. However the internal sequence of approximately 300 bp could not be 
identified from the BLAST search. Furthermore, PPE profiles are variable in size and 
show polymorphic repetitive sequence among M. tuberculosis isolates (Cole, 2002),
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hence it was not possible to determine precisely for these Beijing strains.
There are 99 members of the PE family and 68 members of the PPE family in the 
H37Rv genome (Cole et al., 1998). A size variation (from 0.2 to 1.97 kb) of the 
Rv3135 region existed among different clinical M. tuberculosis isolates (Musser et al., 
2000). The size of the PCR fragment (approximately 1.9 kb) seen implied that these 
strains are typical Beijing strains (Mokrousov et al., 2002b) and belonged to principal 
genetic group 1 (Sreevatsan et al., 1997).
3.6.2 katG and gyrA
The principal genetic region used to identify the Beijing strains was the target-specific 
regions within the genes katG and gyrA. The katG (463) CGG and the subsequent gyrA 
(95) ACC mutations were used to designate groups of the proposed evolutionary 
pathway (Sreevatsan et al., 1997). M. tuberculosis complex isolates can be 
differentiated into three major genetic groups based on DNA polymorphism in codon 
katG 463 and gyrA 95. The group 1 has allele combination katG codon 463 CTG (Leu) 
and gyrA codon 95 ACC (Thr), group 2 katG codon 463 CGG (Arg) and gyrA codon 
95 ACC (Thr), and group 3 organisms have katG codon 463 CGG (Arg) and gyrA 
codon 95 AGC (Ser). Group 1 isolates are evolutionary older and have subsequently 
evolved to group 2 and 3 organisms (Sreevatsan et al., 1997).
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The genes katG and gyrA were determined in Beijing strains (94-1576 and 94-1707). 
The PCR fragments were 1.2 kb for katG and less than 500 bp for gyrA and shown in 
Figure 3.6.B. Amplification products were confirmed by sequencing and shown in 
Figure 3.6.2. The katG gene, a leucine-for-arginine substitution (CGG—»CAG) and 
gyrA gene, a threonine-for-serine substitution (AGC—»ACC) were confirmed for 
Beijing strains. The occurrence of two mutations, one in katG codon 463 (Leu) and one 
in gyrA codon 95 (Thr) seen in the Beijing strains confirmed that these strains 
belonged to group 1 of the evolutionary pathway (Sreevatsan et al., 1997).
3.6.3 TbDl region
The TbDl region, used to designate groups in the proposed evolutionary pathway 
(Brosch et a l , 2002), is believed to be absent from ‘modem’ but present in ‘ancient’ 
M. tuberculosis strains. In M. tuberculosis H37Rv, the TbDl region is not flanked by a 
copy ofIS6770 suggesting that insertion elements were not involved in the deletion of 
the TbDl region.
The TbDl region was investigated using the primers (Brosch et al., 2002) flanking the 
deleted regions. M. tuberculosis H37Rv, Beijing strains (94-1576 and 94-1707) and M. 
bovis BCG substrain Pasteur were analysed by PCR for absence or presence of the 
TbDl region. The size of the amplicons obtained from Beijing (94-1576 and 94-1707) 
was similar to H37Rv but smaller than from M. bovis BCG substrain Pasteur. The PCR 
analysis is shown in Figure 3.6.C. Sequence analysis of this region revealed identical 
alignment of the sequence for the Beijing strains and H37Rv. However, the sequence
117
alignment for M. bovis BCG substrain Pasteur was different from H37Rv and Beijing 
strains. This sequence analysis is shown in Figure 3.6.3.
3.6.4 dnaA-dnaN region
Beijing strains 94-1576 and 94-1707 were analysed by PCR for the presence of IS6110 
in the dnaA-dnaN intergenic region of the origin of replication as described by 
Kurepina et al (1998). A 500 bp product was expected in samples that did not have an 
IS6110 insertion in the dnaA-dnaN region, compared to a 2000 bp product expected 
from those that carried the insertion. The size of amplicons for H37Rv was 
approximately 500 bp and Beijing strains were approximately 2.0 kb as shown in 
Figure 3.6.D.
Amplification products were confirmed by sequencing and shown in Figure 3.6.4. The 
PCR fragment of 2.0 kb and the identified sequencing of the 3 bp (ATT), inverted 
repeats and the start codon (ATG) of ORF1, suggested a complete IS 6110 was inserted 
into the dnaA-dnaN region. The occurrence of IS6770 with the identified ATT 3-bp at 
537 bp insertion into the dnaA-dnaN region has been published (Kurepina et al., 1998). 
The insertion of IS6770 into the dnaA-dnaN region suggested that the Beijing strains 
(94-1576 and 94-1707) belonged to the Al insertion group.
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The evolution of multidrug resistance in the MDR W-Beijing strains can be followed 
using the IS6110 transposition events in the dnaA-dnaN region. The Al insertion was 
identified in group 1 isolates (e.g. strain Beijing), the B2 insertion can be found in a 
subset of group 1 isolates (e.g. strain W, strain N), and the B1 insertion, which 
presumably occurred after acquisition of the MDR phenotype, can only be found in 
multidrug resistant (MDR) strains (Kurepina et a l , 1998).
3.6.5 1S6110 insertion in the NTF-1 region
A multiplex PCR approach (Plikaytis et a l , 1994) was used to determine whether there 
was an IS6110 in the NTF-1 region of the Beijing strains of M. tuberculosis. From the 
RFLP patterns of IS<5//0 in Beijing strains, this NTF-1 region was later known as 
region B (Kurepina et al., 1998). Region B may contains two IS6110 copies arranged 
in a head-to-tail orientation and separated by 556 bp. The Beijing strains could have 
more than one IS6110 insertion in the region B.
The multiplex PCR of the NTF-1 region of Beijing strains showed multiple amplicons 
of 200 bp and fragments of larger size as shown in Figure 3.6.E. The 500 bp fragment 
was the internal control of the flanking IS6110 element. The indication of the presence 
of IS6110 in the NTF-1 region in the Beijing strains was the 200 bp fragment. 
However, the 200 bp fragment was not confirmed by sequencing.
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3.7 Site mapping of \S6110 in M. bovis BCG substrain, M. tuberculosis H37Rv 
and Beijing (94-1576, 94-1707) strains
Site mapping was based on the phenomenon that the probability of successful 
polymerase-mediated amplification decreases as the length of the desired product 
increases (Kivi et a l,  2002). One colour microarray hybridisations and microarray 
analysis were performed as described in Section 2.4 and Section 2.8.
In addition to the GeneSpring ver 6.0 for normalised value analysis, the positions that 
showed low and high intensity were inspected visually. An insertion site was selected 
as a true insertion site only after a number of considerations; (i) the signal intensities, 
(ii) the occurrence of both 5’ and 3’ signals, (iii) the spot reliability for the genomic 
region (assessed by prior knowledge of the reliability of the microarrays such as 
confirmed deleted regions in Beijing strains and genotyping of Beijing strains), (iv) an 
estimate of the number of \S6110 copies in the Beijing strains, H37Rv and BCG 
strains. The result of site mapping is shown in Table 3.7.
In this site mapping study, 16 sites of IS6110 elements annotated in the H37Rv 
genome (Cole et al., 1998) were detected. The genes Rvl510 and Rv3203 coding for a 
membrane protein and a lipase were detected as putative sites. Molecular typing based 
on IS<5//0-typing showed BCG strains having one or two copies of IS6110 (Behr & 
Small, 1999). Surprisingly, the known Rv2816c in the BCG strain was not detected but 
there were 4 putative sites detected in BCG substrain Pasteur. The genes Rvl661, 
Rv2693c, Rv3708c and Rv3709c coding for polyketide synthase, integral membrane
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protein, aspartate-semialdehyde dehydrogenase and aspartokinase, were detected as 
putative \S6110 sites for BCG substrain Pasteur.
Table 3.7 Site mapping of IS6110
Strain No. of IS6110 
insertion sites
ORF/gene
H37Rv 18 Rv0796,Rv1369c,Rv 1510, Rv 1756c, Rv 1764,Rv2106, 
Rv2167c,Rv2279,Rv2355,Rv2479c,Rv2649,Rv2814c, 
Rv3185,Rv3187,Rv3203,Rv3326,Rv3380c,Rv3475
Beijing 94- 
1576
16 RvOOOl ,Rv0796,Rv0797,Rvl369c,Rv 1469,Rvl 510, 
Rv2106,Rv2167c,Rv2278,Rv2279,Rv2355,Rv2479c, 
Rv3326,Rv3380c,Rv3427c ,Rv3475
Beijing 94- 
1707
20 RvOOOl ,Rv0796,Rvl369c,Rv 1371 ,Rv 1501 ,Rvl510, 
Rvl 985c,Rv2106,Rv2167c,Rv2290,Rv2352c,Rv2355, 
Rv2479c,Rv2649,Rv3185,Rv3187,Rv3203,Rv3326, 
Rv3380c,Rv3475
BCG Pasteur 4 Rv 1661 ,Rv2693c,Rv3708c,Rv3709c
The shaded ORFs/genes were common in H37Rv and Beijing strains. 
The ORFs/genes are based on the H37Rv genome (Cole et al., 1998).
Members of the Beijing family have similar IS6110 fingerprint patterns consisting of 
16 to 23 bands (van Soolingen et al., 1995). Despite the extensive genotyping 
similarities in the Beijing strains 94-1576 and 94-1707, there was a difference in the 
IS 6 //0  copy number and their genomic locations. In this site mapping study, 16 sites 
were detected in Beijing 94-1576 and 20 sites in Beijing 94-1707. The common 
IS<5//0 sites detected in the Beijing strains were RvOOOl, Rv0796, Rvl369c, Rvl510, 
Rv2106, Rv2167c, Rv2355, Rv2479c, Rv3326, Rv3380c and Rv3475. These sites 
were consistent with the known IS6110 sites in the genome of H37Rv. The different 
genomic locations of \S6110 identified for the Beijing strains; in Beijing 94-1576 were 
Rv0797, Rvl469, Rv2278, Rv2279 and Rv3427c while in Beijing 94-1707 were 
Rvl371, Rvl501, Rvl985c, Rv2290, Rv2352c, Rv2649, Rv3185, Rv3187 and 
Rv3203. Among the sites identified in the Beijing strains, Rv0797, Rv2278, Rv2279
and Rv3427c were annotated as transposases in the H37Rv genome (Cole et al., 1998). 
The gene RvOOOl in both Beijing strains was detected as an IS<5//0 site in this site 
mapping study. The genotyping of Beijing strains in Section 3.6 confirmed the 
insertion of \S6110 in the dnaA-dnaN region of Beijing strains. The genes Rv3185 and 
Rv3187 were detected as \S6110 sites in Beijing 94-1707 and were annotated as 
transposases in the H37Rv genome (Cole et al., 1998).
In this study, site mapping could not detect IS6110 sites in the region Rvl 754c- 
Rv 1765c and Rv3180c-Rv3190c in the Beijing strains. It is uncertain as to why site 
mapping could not detect these sites. A possibility could be the probes are not specific 
enough. A loss of 12065 bp in the region Rvl754c-Rv 1765c was detected in both 
Beijing strains. In the confirmation study, this deletion was replaced with an intact 1.3 
kb of IS6110 element. The Beijing 94-1576 strain had lost 6485 bp and subsequently 
acquired a combined element consisting of ORF1 of \S6110 and part of a transposase 
gene in the region Rv3180c-Rv3190c.
Site mapping has been found to be highly specific with 97% of the predicted insertion 
sites being true insertions (Kivi et al., 2002) and the result in this study could be 
improved with better data analysis. Further investigation needs to be done to confirm 
these putative IS6J10 sites in H37Rv, BCG substrain Pasteur, Beijing 94-1576 and 
Beijing 94-1707.
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3.8 Attempts to detect differences in genes in M. tuberculosis H37Rv and 
Beijing (94-1576, 94-1707) strains
In the subtractive hybridisation steps, driver DNA and two tester DNAs were 
hybridised at high stringency, with each tester DNA ligated to a different terminal 
adaptor. After hybridisation, only common single-stranded sequences can reanneal to 
make hybrids with different adaptors at each terminus. Only DNA fragments with both 
of the terminal adaptors can amplify exponentially using PCR primers to the two 
adaptor sequences.
Putative DNA sequences were cloned and the insert of subtractive hybridisation clones 
was estimated by restriction digestion with EcoR\. In this study, a total of 430 clones 
were isolated and confirmed by sequencing. The sequencing data were assembled and 
edited using Editseq and Megalign programs (DNASTAR, Madison, USA) and the 
sequences were compared with TubercuList and NCBI BLAST network service. 
Among the clones obtained, 384 clones were spotted on slides for DNA microarray 
hybridisation.
3.8.1 Sequence-confirmation of the subtractive hybridisation clones
A total of 430 clones were sequenced and 238 clones were identified as part of the 
vector. Among the 192 clones with the DNA match to the H37Rv genome, 101 
sequenced clones were encountered more than once and 24 sequenced clones were of 
various intergenic regions. Among the 11 sequenced clones with undetermined 
alignment, six were of members of prophage phiRvl and another five were IS6110
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elements. The result of the homology searches for each of the sequenced clones against 
the H37Rv genome is listed in Appendix III, Table 2.
From the BLAST searches, there were four interesting sequenced clones. One clone 
that aligned to IS6110 element with an extra 45 bp of either PE or PPE protein 
(correspond to database entry AF228670) indicative of the strain 210. Another three 
were clones that aligned to the Rvl755c-Rv 1758c of the H37Rv genome, 
corresponding to the confirmed deleted region of Rvl754-Rv65c in the Beijing strains. 
It is uncertain as to why subtractive hybridisation could not detect other confirmed 
deleted regions Rv0071c-Rv0074c, Rvl 186c-Rvl 188, Rvl572c-Rvl587c, Rv2815c- 
Rv2820c and Rv3180c-Rv3190c in the Beijing strains.
Five clones overlapping the gyrA gene located between nucleotides 7682 to 8103 in the 
H37Rv genome were recovered. The gyrase genes (gyrA and gyrB) in M. tuberculosis 
are located close to the origin of replication (Takiff et al., 1994) and reported to be 
responsible for topoisomerase-mediated fluoroquinolone resistance in mycobacteria 
(Zhou et al., 2000).
Among the array of clones obtained, 21 clones were of diverse polyketide synthase 
genes: one pks4 , 13 papA3, one fadD28, one pkslS, two fadD22 and nine ppsD  were 
recovered. These genes are involved in coding polyketide synthase proteins (Cole et 
al., 1998) and important for the constituents of the cell envelope (Camacho et al., 
2001).
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The subtractive libraries recovered 188 false positive clones. The clones with a DNA 
match to the H37Rv genome were classified as false positives if the percent similarity 
was greater than 85%. Although this cutoff of 85% was chosen arbitrarily, it seemed 
to be the limit of this hybridisation technique to distinguish between differential and 
non-differential sequences (Lai et a l , 2000).
The high number of false positive clones suggested this technique was less effective 
for identification of differences within the family of M. tuberculosis. PCR-based 
genomic subtractive technique preferentially selected for genomic regions of Anabeana 
circinalis with a high % GC (Pomati & Neilan, 2004), however this phenomenon was 
not observed in this study.
3.8.2 Analysis of DNA microarray hybridisation
The approach used for genome comparison of M. bovis and M. tuberculosis strains was 
the DNA microarray hybridisation with 3,841 ORFs from M. tuberculosis H37Rv. The 
arrays were capable of detecting deletions ranging from a single gene to a region 
spanning 11 genes in the Beijing strains. However, it was unable to detect deletions in 
intergenic regions or ORFs that were not part of the H37Rv genome.
In this section DNA microarray hybridisation was analysed using microarray slides 
consisting of 384 spots from the subtractive clones. The clones corresponding to 
vectors were used as controls for validation of the differential hybridisation to the 
array. Each of the Beijing strains (94-1576 and 94-17070) were compared with M
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tuberculosis H37Rv and each comparison were done in duplicate, as described in 
Section 2.4. Following data filtration, experiment interpretation was performed; ratio 
(signal/channel) was applied for each slide.
The GeneSpring scatter plot illustrating the differentially hybridised spots for 
microarray hybridisation is shown in Figure 3.8. The genes indicated on the scatter plot 
showed as being differentially hybridised for genes in H37Rv as compared to Beijing 
94-1707.
As expected, most of the 192 conserved genes in the H37Rv and Beijing strains were 
not differentially hybridised in the microarray hybridisation experiment, only seven 
genes was detected as differentially hybridised. Sequence data confirmed these seven 
differentially hybridised genes. Among these was one gene that aligned to the IS6110 
element with an extra 45 bp repeats region indicative of the strain 210, another three 
were genes that aligned to three of the five gyrA clones. The other three were genes 
that aligned to transposase genes in the region Rvl755c-Rvl758c of the H37Rv 
genome. It was particularly interesting to observe that a degree of conservation exists 
for the genes shared by M  tuberculosis H37Rv and the Beijing strains.
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3.9 Discussion
3.9.1 Genomic variation of M. africanum and Af. bovis
Using the genomic sequence of M. tuberculosis H37Rv as a reference for genomic 
comparison of M. africanum and M. bovis isolates, DNA microarray analysis has 
revealed a number of regions present in H37Rv but deleted from M. africanum and M  
bovis isolates.
In order to confirm the validity of this approach, a comparison study between M. bovis 
BCG (Pasteur), M. africanum and M. bovis was done using the M. tuberculosis H37Rv 
microarray. This was a useful starting point, because a great deal is known about the 
genomes of various BCG strains and would enable comparison with available data. 
Similarly, the M. bovis genome has been fully sequenced, and so again this would 
validate the results. The results of microarrays on the M. bovis BCG (Pasteur) 
confirmed the reports of deletion in RD1-RD14 regions. Among these deleted regions 
was RD1 which is thought to be the primary deletion resulting in the attenuation of 
BCG (Lewis et al., 2003).
In this hybridisation study, the duplicated region DU2 (Rv3223c-Rv3225c, Rv3227- 
Rv3229c, Rv3293-Rv323298c, Rv3300c, Rv3302) was detected as putative duplicated 
in the tested BCG strain. There is a possibility that there is no duplication event of 
DU1 since only one gene (Rv0008c) of the DU1 region was detected as putatively 
duplicated. However, regions consisting of Rv0832-Rv0834c and Rv3508-Rv3514 
could be putative duplicated regions. Cross-hybridisation and copy number of PE-
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PGRS genes could affect the hybridisation signal, therefore, more evidence is needed 
to prove this putative duplicated region in M  bovis BCG (Pasteur).
The isolates of M. bovis (human and cattle) also had a large number of deletions; as 
anticipated, the RD1 region was not deleted. Specific deleted genes; Rvl355-Rvl377c 
and Rv3887-Rv3889 were detected in the M. bovis human strains. Nevertheless, the 
main difference was that RD9 region was not deleted in M. bovis (97-2237) and RD4 
region was not deleted in M. africanum strains. This differs greatly from the proposed 
evolutionary pathway of M. tuberculosis complex proposed by Brosch et al. (2002).
Specific deleted genes, Rv0186, Rv0267 and Rv3345c-Rv3346c were detected in the 
M. africanum strains. The microarray results showed that RD1, RD2, RD4, RD5, RD6, 
RD12, RD13 and RDM regions were not deleted in the genome of the M. africanum 
strains. The scheme in Section 3.1 showed distinct deletion of genetic materials in the 
M  africanum and M. bovis (human and cattle) isolates.
3.9.2 Genomic variation of M. tuberculosis strains
The nucleotide sequence of individual genes and the order of genes within the whole 
genome of H37Rv and other M. tuberculosis strains are extremely similar. On the 
other hand, there are reports of variations in the form of genomic deletions, suggesting 
that the differences in the number and location of insertion sequences are the major 
source of genetic variability in M. tuberculosis strains. The latter view is corroborated 
by the results in this study.
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A number of isolates from different parts of the world showed a wide variation in the 
number, size and distribution of deletions. A comparison of strains isolated from India 
and different geographical areas, showed specific putative deleted genes; R v l524- 
Rvl525, Rvl756c-Rvl765c, Rv2814c-Rv2815c and Rv3651. Rvl524-Rvl525 code 
for transferase proteins, Rvl756c-Rvl765c genes coincide with the RvD2 region and 
Rv2814c-Rv2815c genes coincide with the DR locus and Rv3651 codes for a 
hypothetical protein. Deletion of the Rvl756c-Rv 1765c and Rv2814c-Rv2815c 
regions were reported in some clinical strains (Brosch et al., 2002; Groenen et al., 
1993).
3.9.3 Genomic variation of Beijing strains
The pattern of deletions of the four Beijing strains tested was very similar; each strain 
had four common large deletion regions. Confirmation and precise definition of the 
deleted regions in the tested Beijing strains were completed by sequencing across the 
deletion sites.
Sequences between nucleotides 79506-83036 of the Rv0071-Rv0074 region were 
confirmed as deleted in the Beijing strains 94-1576 and 94-1707. The region of 
Rvl 186c-Rvl 188 between nucleotides 1328981-1331904 was confirmed as deleted in 
the Beijing strain 94-1576.
Sequence analysis confirmed that the genes between Rvl572c-Rv 1587c and Rv 1754c- 
Rv 1765c were deleted in the four tested Beijing strains. In these strains a deletion of
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1914 bp occurred in the Rvl572c-Rvl587c region between nucleotides 1779278- 
1788575. Sequencing of the immediate flanking DNA in the Rvl754c-Rv 1765c region 
revealed several interesting features; (i) It contained an \S6110 element with its 
inverted repeat left (IR-1) orientated towards Rv 1754c; (ii) The IS6110 element was 
intact and 1.3 kb long; (iii) The inverted repeat right (IR-r) of the IS6110 was at 
nucleotide 1998623 and IR-1 at nucleotide 1986558, indicating the loss of 12065 bp 
between Rvl754c and Rvl765c; (iv) Direct repeats sequence flanking the inverted 
repeats region was not detected.
In the four tested Beijing strains, a deletion of 6049 bp was confirmed in the region of 
Rv2815c-Rv2820c between nucleotides 3121878-3127927, including parts of the 
direct repeats (DR) locus. Deletion of this region corresponded with the spoligotype 
S00034 for the Beijing strains (Bifani et al., 2002).
A deletion of 6189 bp was confirmed in the intergenic regions of Rv3180c-Rv3190c 
between nucleotides 3549199-3555388. Sequencing analysis indicated the presence of 
a combined IS6110 element consisting of ORF1 of IS6110 and part of a transposase 
gene. The combined IS6II0 element consisted of a partial IS6110 insertion with ORF1 
(start codon ATG), without the characteristic 3 to 4 bp direct repeats flanking the 
inverted repeats region and a transposase gene replacing ORF2 of IS6IJ0.  The 
confirmed deleted regions of Rv0071-Rv0074, Rvl 186c-Rvl 188, Rvl572c-Rv 1587c, 
Rvl754c-Rv 1765c, Rv2815c-Rv2820c and Rv3180c-Rv3190c in M. tuberculosis 
Beijing strains are shown in Figure 3.5.
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The specific sites of IS67/0 elements in Beijing strains was determined using DNA 
microarrays (Kivi et al., 2002). A set of replicons representing the various copies of 
IS<5770 and their flanking sequences was generated and hybridised to genomic DNA 
microarray. Apparently there were 16 sites in Beijing 94-1576 and 20 sites in Beijing 
94-1707 with 11 of them being common in both strains. Of these common sites, one 
site (Rvl754c-Rv 1765c region) had been confirmed as an IS6770 element.
The microarray technique is only informative in detecting deletions that are present in 
the test strains (in this case the Beijing strains), compared with the reference strain 
(H37Rv). An attempt to identify novel sequences in the Beijing strains which are 
absent in H37Rv, was performed using the subtractive hybridisation technique. 
Theoretically, subtractive hybridisation should eliminate sequences which are similar 
in the tester and driver genomes, leaving subtractive clones which are unique.
Sequence analyses were able to confirm the differentially hybridised genes in the 
microarray. These were: a gene with alignment to a 45 bp repeat region of IS6770 
element, indicative of the strain 210, five genes with alignment to the gyrA gene, and 
genes with alignment to the transposases in the region Rvl 755c-Rv 1758c. Among the 
sequenced clones were diverse polyketide synthase genes; plcs4, papA3,fadD28, pks!5, 
fadD22 and ppsD. These genes are important for the constituents of the cell envelope 
(Camacho et al., 2001). It was particularly interesting to observe that a degree of 
conservation exists for the genes shared by M. tuberculosis H37Rv and Beijing strains.
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3.9.4 Genotyping of Beijing strains
Genotype marker analyses were performed to assess the relationship between Beijing 
94-1576 and Beijing 94-1707. The markers were: insertion of an IS6110 element in the 
intergenic dnaA-dnaN region, another insertion of an IS6110 in the NTF-1 region, 
TbDl region, Rv3135 region, fo/G463 CTG (Leu) and gyrA95 ACC (Thr) 
polymorphisms. These markers did identify the strains as Beijing strains and also 
confirmed their position in the evolutionary pathway of the M. tuberculosis complex 
(Brosch et al., 2002) and as belonging to group 1 of tubercle bacilli (Sreevatsan et al., 
1997).
The Rv3135 gene codes for a PPE protein. A PCR fragment of 1.3 kb and further PCR 
analysis with outer-forward and outer-reverse primers did confirm the polymorphisms 
of Rv3135 gene in the Beijing strains. The failure to identify the internal sequence of 
approximately 300 bp from the BLAST search could be due to the variable size of the 
PPE proteins (Cole, 2002).The polymorphisms of the katG463 gene (CGG-»CAG) and 
gyrA95 gene (AGC—>ACC) were confirmed for the Beijing strains. Sequence analysis 
of the TbDl region revealed identical alignment of the sequence for the Beijing strains 
and H37Rv but different from M. bovis BCG substrain Pasteur.
The PCR fragment of 2.0 kb and the identified sequencing of the 3 bp (ATT), inverted 
repeats and the start codon (ATG) of ORF1, suggested a complete IS6110 was inserted 
into the dnaA-dnaN region of the Beijing strains. The occurrence of ISb/70 with the 
identified ATT 3-bp at 537 bp insertion into the dnaA-dnaN region has been published
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(Kurepina et al., 1998).
The multiplex PCR of the NTF-1 region of Beijing strains showed multiple amplicons 
of 200 bp, 500 bp and fragments of larger size. The 500 bp fragment was the internal 
control of the flanking IS6110 element. The only indication of the presence of \S6110 
in the NTF-1 region was the 200 bp fragment; however this 200 fragment was not 
confirmed by sequencing.
Information on the molecular genomic deletions from this study has been used to 
propose a divergence to the evolutionary pathway (Brosch et al., 2002) for M. 
tuberculosis, M. africanum and M. bovis isolates. The scheme in Figure 3.9 shows the 
presence or absence of conserved RD regions in members of the M. tuberculosis 
(H37Rv and Beijing), M. africanum and M. bovis isolates. The grey boxes indicate 
sequence confirmed RD regions, TbDl, for/G463, gyrA95, dnaA-dnaN and Rv3135 
polymorphisms. Green arrow indicates Beijing 94-1576 and Beijing 94-1707 
belonging to genetic group 1 (Sreevatsan et al., 1997).
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Chapter Four: Gene Expression Analysis of M. tuberculosis 
Strains in Response to Different Stress Conditions
4.1 Introduction
Living within the macrophages, M. tuberculosis is subjected to low pH, a variety of 
stress response-inducing conditions such as reactive oxygen and nitrogen intermediates 
and limiting nutrients. However, the mycobacteria are able to survive and grow within 
the host by altering their gene expression to cope with adverse conditions. It is the 
hope that microarray analysis will provide advances in understanding the stress- 
induced gene expression in intracellular mycobacteria. The purpose of this chapter is 
aimed at gaining an increased understanding into the defence mechanisms of the 
tubercle bacillus in preventing cellular damage by reactive oxygen and nitrogen 
intermediates and low pH; these responses are thought to be important following 
infection of mycobacteria into the host.
In this study, gene expression analysis was performed on M. tuberculosis H37Rv, 
Beijing 94-1576 and Beijing 94-1707 strains. Separate hybridisation experiments were 
performed for gene expression analysis of the Beijing strains. These experiments 
involved comparing gene expression of the Beijing strains with and without stress. 
Experiments comparing H37Rv to Beijing strains were performed to investigate the 
transcriptional response of the mycobacteria to different stresses. In order to identify 
genes that were induced following exposure to stress, hybridisation results were
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analysed for differential gene expression by comparative microarray analysis of 
stressed against an unstressed conditions.
In this study, it was assumed that only a small number of genes was expected to be 
differentially expressed and that if there was a large number of genes that were 
differentially expressed, there would be an equal number of genes that were 
differentially expressed in the stressed and unstressed conditions. However for 
normalisation of the data, it was important that the expression of remaining genes was 
constant (Chen et al., 2003).
An outline table introducing the comparisons performed in this study is shown in Table
4.1.
Table 4.1. Experiments to determine differentiallyy expressed gene at the different stress conditions
Conditions Experiments
Oxidative stress condition: H37Rv stressed and unstressed
Exponential phase Beijing 94-1576 stressed and unstressed
Stationary phase Beijing 94-1707 stressed and unstressed
Nitrosative stress condition H37Rv stressed and unstressed
Beijing 94-1576 stressed and unstressed
Beijing 94-1707 stressed and unstressed
Low pH stress condition H37Rv stressed and unstressed
Beijing 94-1576 stressed and unstressed
Beijing 94-1707 stressed and unstressed
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4.1.a In vitro susceptibility of M. tuberculosis strains
Experiments were done to investigate the in vitro susceptibility of M. tuberculosis 
H37Rv, Beijing 94-1576 and Beijing 94-1707 strains to oxidative (cumene 
hydroperoxide at 500 pM), nitrosative (NaNC>2 at 3 mM, pH 5.5) and low pH (pH 5.5) 
stresses. The concentration of mycobacteria was estimated by measuring the optical 
density in a spectrophotometer at a wavelength of 600 nm and the viability of the 
bacteria (cfu per ml) was determined after the plates had been incubated at 37°C for 
approximately 20 days. During the incubation periods, the optical density and viability 
were performed in the different stresses compared to normal Dubos media (pH 7.0). 
The viability after 72 hours of the H37Rv and Beijing 94-1576 was 108 cfu per ml 
from the Dubos media as compared to 105-106 cfu per ml in the oxidative, nitrosative 
and low pH stresses, similarly, the optical density of the H37Rv and Beijing 94-1576 
was higher in the Dubos media than the different stress conditions. The viability and 
optical density after 72 hours for Beijing 94-1707 was not available due to clumping of 
the cells.
The optical density and viability of the M. tuberculosis H37Rv, Beijing 94-1576 and 
Beijing 94-1707 are shown in Figure 4.
141
Ba
ct
er
ia
l 
co
un
t 
(c
fu
/m
l)
a.
10>10,
□  H37Rv
□  Beijing
□  Beijing
■  H37Rv 
d  Beijing
■  Beijing 
□ I  H37Rv 
■ I  Beijing 
CZ3 Beijing
■  H37Rv 
n  Beijing
□  Beijing
Dubos
94-1576 Dubos 
94-1707 Dubos 
Low pH
94-1576 Low pH 
94-1707 Low pH 
Oxidative 
94-1576 Oxidative 
94-1707 Oxidative 
Nitrosative 
94-1576 Nitrosative 
94-1707 Nitrosative
24 48 72 96 120 144 168 192
Hours
b.
Nitrosative
0 50 100 150 200
Hours
-H37RV 
- O - Beijing 
Beijing 
H37Rv 
Beijing 
Beijing 
■H37RV 
- 0 ~  Beijing 
Beijing 
■H37Rv 
■ Beijing 
- O —Beijing
Dubos
94-1576 Dubos 
94-1707 Dubos 
Low pH
94-1576 Low pH 
94-1707 LOW pH 
Oxidative 
94-1576 Oxidative 
94-1707 Oxidative 
Nitrosative 
94-1576 Nitrosative 
94-1707
142
Quantitative real-time PCR was performed for quantitative observation for expression 
of Rv3408, Rv3409c and Rv3822 genes in response to oxidative stress. These gene 
were detected as being differentially expressed in H37Rv compared to Beijing 94-1576 
and H37Rv compared to Beijing 94-1707 in response to oxidative and low pH stresses.
4.2 Gene expression analysis of M. tuberculosis strains during the oxidative 
stress response
Cumene hydroperoxide was used in vitro to model the oxidative stress that occurs in 
vivo due to production of organic peroxides by the process of lipid peroxidation. 
Reduction of cumene hydroperoxide leads to the production of highly reactive alkoxy 
radicals which are capable of causing damage to cellular components, including DNA 
and the cell membrane (Sherman et al., 1995).
In this study, cumene hydroperoxide at 500 pM was used to induce cultures of M. 
tuberculosis H37Rv, Beijing 94-1576 and Beijing 94-1707 for investigation of the 
transcriptional response to oxidative stress. The gene expression analyses of the 
mycobacteria during exponential and stationary phase were performed using DNA 
microarrays. Total RNA was isolated from early exponential phase (A6oo 0.3-0.4) and 
early stationary phase (A6oo 1.8-2.0) as described in Section 2.7. The hybridisation 
results were analysed for differential gene expression by comparative microarray 
analysis of stressed against an unstressed, as described in Section 2.7.
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4.2.1 Gene expression analysis of M. tuberculosis H37Rv
In this study, hybridisation experiments of H37Rv unstressed compared to H37Rv 
stressed during exponential and stationary phases were performed. Generally, the list 
exhibited differentially expressed genes at p  <0.05. However, for significant 
differential gene expression, genes at p  <0.0001 were listed.
4.2.1.a Exponential phase of strain H37Rv
Induction of the exponential phase of H37Rv to oxidative stress revealed 82 
differentially expressed genes in the H37Rv unstressed and 288 genes in the H37Rv 
stressed at p  <0.05. Due to the large number of differentially expressed genes, a shorter 
list at p  <0.01 revealed 31 genes differentially expressed in the H37Rv unstressed and 
131 genes in the H37Rv stressed.
Genes determined to be differentially expressed in exponential phase after exposure to 
oxidative stress are listed in Appendix III. Genes differentially expressed in the H37Rv 
unstressed compared to H37Rv stressed are listed in Appendix III. Table 4.2.1.a.i. 
Genes differentially expressed in the H37Rv stressed compared to H37Rv unstressed 
are listed in Appendix III. Table 4.2.1.a.ii.
Among the 31 differentially expressed genes in the H37Rv unstressed, the highest 
differential expression value was 18.61 of Rv0251c (hsp) encoding heat shock protein. 
Among the differentially expressed genes were the sigma factors SigEH proteins, 
isocitrate lyase gene (ace A), genes encoding membrane proteins (mmpS4S5), DNA
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repair gene recA and thioredoxin/thioredoxin reductase genes trxB2C.
There were 12 genes differentially expressed at p  <0.0001. These genes were Rv0251c 
(hsp) encoding heat shock protein, Rv0306 encoding oxidoreductase involved in 
cellular metabolism, possible transposase gene Rv0606, Rv0677c (mmpS5) encoding 
membrane protein, sigma factors genes Rvl221 (sigE), Rv3223c (sigH), hypothetical 
proteins (Rvl278, Rvl461), Rvl463 encoding ATP-binding protein ABC transporter, 
Rv3828c encoding resolvase to prevent the cointegration of foreign DNA before 
integration into the chromosome and thioredoxin/thioredoxin reductase genes Rv3913 
(trxB2) and Rv3914 (trxC).
There were 131 differentially expressed genes at p  <0.01 in the H37Rv stressed. These 
included genes encoding MCE family proteins (m celA lB lC IF , IprK, Rv0177, 
Rv0178), antigenic Mpt64 proteins, NADH dehydrogenase proteins (NuoBDIKL), 
superoxide dismutase SodA protein, a gene associated with base excision repair 
(mutY), genes encoding ribosomal proteins (rpsACEJS, rplBCDEFMOPTVWX, rpmC) 
and genes encoding ATP synthase (atpACDH).
There were 38 genes differentially expressed at p  <0.0001. These were genes encoding 
ribosomal proteins (rpsACJS, rplBDFMVWX), genes encoding ATP synthase 
(iatpCDH), NADH dehydrogenase proteins (NuoBD), hypothetical proteins (Rv0241c, 
Rvl815, Rv 1883c, Rv2147c, Rv2271), Rv0243 (fadA2) encoding acetyl-CoA 
acyltransferase, Rv0732 (secY) encoding preprotein translocase an integral membrane
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protein, Rv 1133c (metE) encoding methyltransferase protein, Rvl436 (gap) encoding 
dehydrogenase in the second phase of glycolysis, Rvl626 coding for the sensor part of 
a two-component regulatory system, Rvl641 (infC) encoding initiation factor IF-3, 
Rvl751 encoding oxidoreductase in cellular metabolism, Rvl901 (cinA) encoding 
cinA-like protein, Rv2773c (dapB) encoding dihydrodipicolinate reductase, Rv2857c 
encoding short-chain dehydrogenase/reductase in cellular metabolism, Rv3209 
encoding hypothetical threonine, proline-rich protein, Rv3229c (desA3) encoding 
linoleoyl-CoA desaturase, conserved membrane proteins (Rv3587c, Rv3835), Rv3809c 
(gif) encoding UDP-galactopyranose mutase and Rv3918c (parB) encoding 
chromosome partitioning protein.
4.2.1.b Stationary phase of strain H37Rv
Induction of the stationary phase cultures of H37Rv to oxidative stress revealed 190 
genes differentially expressed in the H37Rv unstressed and 303 genes in the H37Rv 
stressed at p  <0.05. Due to the large number of differentially expressed genes, the list 
at p  <0.01 revealed 84 differentially expressed genes in the H37Rv unstressed and 94 
genes in the H37Rv stressed.
Genes determined to be differentially expressed in stationary phase after exposure to 
oxidative stress are listed in Appendix III. Genes differentially expressed in the H37Rv 
unstressed compared to H37Rv stressed are listed in Appendix III. Table 4.2.1.b.i. 
Genes differentially expressed in the H37Rv stressed compared to H37Rv unstressed 
are listed in Appendix III. Table 4.2.1.b.ii.
146
There were 84 differentially expressed genes at p  <0.01 in the H37Rv unstressed. The 
Rv0140 and Rv0141c genes, adjacent to each other on the chromosome and coding 
proteins of unknown function showed decreasing differential expression values of 6.85 
and 3.66 respectively. The Rv0185 and Rv0186 (bglS) genes, also adjacent to each 
other on the chromosome and coding proteins of unknown function and beta- 
glucosidase protein showed decreasing differential expression values of 4.77 and 3.84 
respectively. Among other adjacent genes on the chromosome were Rv0410c- 
Rv0412c, Rv0605-Rv0607, Rvl277-Rvl278, R1772-R1773c, Rvl954c-Rvl955, 
Rv2014-Rv2015c, Rv2616-Rv2617c, R2780-Rv2781c, Rv2789c-Rv2791c, Rv2818c- 
Rv2819c, Rv2823c-Rv2824c, Rv2978c-Rv2979c, Rv2988c-Rv2989c, Rv3201c- 
Rv3202c, Rv3644c-Rv3645. Differential expression of the following genes were 
observed; sigma factors SigEG proteins, recA, recX, radA DNA repair genes, alkyl 
hydroperoxide reductase AhpC protein, electron transfer FdxB protein and heat shock 
DnaK, GrpE, Hsp proteins.
There were seven differentially expressed genes at p  <0.0001 in the H37Rv unstressed. 
These genes were heat shock Hsp protein, DNA repair RadA protein, Rvl463 
encoding ATP-binding protein ABC transporter, Rvl464 {csd) encoding cysteine 
desulfurase, hypothetical protein (Rv 1907c), transposase Rv2014 and Rv2780 (aid) 
encoding secreted L-alanine dehydrogenase 40 kDa antigen.
There were 94 differentially expressed genes at p  <0.01 in the H37Rv stressed. Several 
adjacent genes on the chromosome were identified including; Rv0315-Rv0316,
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Rv0733-Rv0734, Rv0935-Rv0936, Rvl094-Rvl095, R vll32-Rvll33c, Rvl613- 
Rvl614, Rvl932-Rvl933c, Rv2275-Rv2276, Rv2289-Rv2290, and Rv3028c- 
Rv3029c. Among the differentially expressed genes were; MCE family proteins 
(McelABCDF, YrbElAB, LprK), ribosomal proteins (RplBCDEFPVW, RpsCEJQ, 
RpmC), ATP synthases proteins (atpGH), polyketide synthase proteins (Pksl, Pksl5, 
FadD22), heat shock HspX protein and NADH dehydrogenase proteins 
(NuoACDEFGHLMN).
There were six differentially expressed genes at p  <0.0001 in the H37Rv stressed. 
These genes were hypothetical proteins (Rv 1251c, Rvl697), Rvl614 (Igt) encoding 
prolipoprotein diacylglyceryl transferase, Rv 1737c (narK2) encoding nitrate/nitrite- 
transport integral membrane protein, heat shock HspX protein and Rv2894c (xerC) 
encoding integrase/recombinase participated in the site-specific recombination.
4.2.1.C Differential gene expression in both exponential and stationary phases
In the oxidative stress at the threshold of p  <0.05, 12 differentially expressed genes 
were observed in both exponential and stationary phases. Among these were genes 
associated with MCE family proteins (mcelABCDF, IprK), ribosomal proteins 
(RplBCDEFPVW, RpsCEJQ, RpmC), ATP synthase proteins (AtpGH), Rv0733 (adk), 
Rvl078 {pro), Rvll33c (metE), Rvll58c, Rvll61 (trpC), Rvl613 (trpA\ Rv2817c 
and Rv2949c.
148
It could be seen from the exponential phase experiments, the threshold of p  <0.05 
revealed 82 genes in the H37Rv unstressed and 288 genes in the H37Rv stressed, while 
at p  <0.01 revealed 31 genes in the H37Rv unstressed and 131 genes in the H37Rv 
stressed. In the stationary phase experiments, at p  <0.05 revealed 190 genes in the 
H37Rv unstressed and 303 genes in the H37Rv stressed, however at p  <0.01 revealed 
84 genes in the H37Rv unstressed and 94 genes in the H37Rv stressed. Meanwhile at p  
<0.0001 revealed 12 genes in the H37Rv unstressed and 38 genes in the H37Rv 
stressed from the exponential phase, while 7 genes in the H37Rv unstressed and 6 
genes in the H37Rv stressed from the stationary phase. Hence, at more stringent p  level 
at least 100 differentially expressed genes were missing in the H37Rv during 
exponential and stationary phases. Thus it was estimated that some of these 
differentially expressed genes were false positive results.
The results of this section demonstrate that H37Rv is capable of mounting a vigorous 
response to oxidative stress in both exponential and stationary phases.
4.2.2 Gene expression analysis of M. tuberculosis Beijing 94-1576
In this study, hybridisation experiments comparing Beijing 94-1576 unstressed to 
Beijing 94-1576 stressed during exponential and stationary phases were performed. 
Hybridisation experiments comparing H37Rv to Beijing 94-1576 during exponential 
and stationary phases were performed to investigate the transcriptional response of the 
mycobacteria to oxidative stress. Generally, the list exhibited of genes differentially 
expressed at p  <0.05. However, for significant differential gene expression, genes at p
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<0.0001 were listed.
4.2.2.a Exponential phase of Beijing 94-1576 compared to Beijing 94-1576
The initial list of genes from the exponential phase lead to very large number of genes. 
There were 442 genes in the Beijing 94-1576 unstressed and 195 differentially 
expressed genes in the Beijing 94-1576 stressed at p  <0.05. Due to the large number of 
differentially expressed genes, a shorter list at p  <0.0001 revealed 293 differentially 
expressed genes in the Beijing 94-1576 unstressed and 156 genes in the Beijing 94- 
1576 stressed.
Genes determined to be differentially expressed in exponential phase after exposure to 
oxidative stress are listed in Appendix III. Genes differentially expressed in the Beijing 
94-1576 unstressed compared to Beijing 94-1576 stressed are listed in Appendix III. 
Table 4.2.2.a.i. Genes differentially expressed in the Beijing 94-1576 stressed 
compared to Beijing 94-1576 unstressed are listed in Appendix III. Table 4.2.2.a.ii.
In the Beijing 94-1576 unstressed, among the 293 differentially expressed genes were 
genes encoding MCE family proteins (mcelABCDF, yrbEJAB, IprK, mce4B, Rv0175, 
Rv0177, Rv0178), ribosomal proteins (RplBCDEFMPVW, RpsBCEGIJLPQS, 
RpmC), ATP synthase proteins (AtpABCDEFGH), tryptophan synthase proteins 
(TrpABC), polyketide synthase Pksl protein, superoxide dismutase SodAC proteins, 
antigenic protein Mpt64 (Rvl980c), iron-regulated isomerase PpiA, PpiB, Tig proteins 
and NADH dehydrogenase proteins (NuoACDEFGHLMN). The range of the
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differentially expressed value was 2.19 for Rv2614c (thrS) encoding threonyl-tRNA 
synthetase and 11.76 for Rv0009 (ppiA) encoding iron-regulated peptidyl-prolyl cis- 
trans isomerase A.
In the Beijing 94-1576 stressed, among the 156 differentially expressed genes were 
genes hsp, clpB, dnaK, htpX, Rv3221 and groES encoding heat shock proteins, sigBEH 
encoding sigma factor proteins, mbtBCDEFG encoding siderophore mycobactin 
synthesis, cysADNMT encoding adenylyltransferases and trxBB2C encoding 
thioredoxin/thioredoxin reductases. The Rv3221c-Rv3223c genes, adjacent to each 
other on the chromosome and coding proteins of unknown function and sigma factor H 
protein showed increasing differential expression values of 3.76, 9.93 and 8.69 
respectively. The Rv3463-Rv3467 including genes rmlBC encoding ribosomal 
proteins, also adjacent to each other on the chromosome showed decreasing differential 
expression values of 67.54, 6.23, 4.50, 3.95 and 3.36 respectively. Genes Rvl460- 
Rvl466 encoding regulatory protein, hypothetical proteins, ABC transporter protein 
and csd, cysteine desulfurase protein were differentially expressed in response to 
stress.
4.2.2.b Stationary phase of Beijing 94-1576 compared to Beijing 94-1576
In the stationary phase, hybridisation experiments comparing Beijing 94-1576 
unstressed to Beijing 94-1576 stressed were performed. Among the differentially 
expressed genes a tp  <0.05 were 55 genes in the Beijing 94-1576 unstressed and 111 
genes in the Beijing 94-1576 stressed.
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Genes determined to be differentially expressed in stationary phase after exposure to 
oxidative stress are listed in Appendix III. The differentially expressed genes in the 
Beijing 94-1576 unstressed compared to Beijing 94-1576 stressed are listed in 
Appendix III. Table 4.2.2.b.i. The differentially expressed genes in the Beijing 94-1576 
stressed compared to Beijing 94-1576 unstressed are listed in Appendix III. Table
4.2.2.b.ii.
There were 55 differentially expressed genes in the Beijing 94-1576 unstressed at p  
<0.05. Among these were genes encoding MCE family proteins (mcelBC , yrbElB ), 
ribosomal proteins (RplBCDEF, RpsCL), tryptophan synthase TrpABC proteins, 
polyketide synthase Pksl protein and NADH dehydrogenase NuoEFH proteins.
There were 111 differentially expressed genes in the Beijing 94-1576 stressed at p  
<0.05. Among these were hsp, dnaK, grpE, groELl, groEL2 and htpX encoding heat 
shock proteins, sigma factors SigBH proteins, genes mbtBCDEFG encoding 
siderophore mycobactin synthesis, cysADMNT adenylyltransferase genes, DNA repair 
genes recA, radA and genes trxBB2C encoding thioredoxin/thioredoxin reductases. 
The Rv3221c-Rv3223c genes, adjacent to each other on the chromosome and encoding 
proteins of unknown function and sigma factor H protein showed differential 
expression values of 9.27, 18.27 and 16.84 respectively.
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The Beijing 94-1576 stressed revealed ten differentially expressed genes at p  <0.0001. 
These genes were hypothetical proteins (Rv0142, Rvl767, Rvl875, Rv2706c, 
Rv3222c), ctpDG encoding cation-transporting P-type ATPase (Rvl469, Rv 1992c), 
trxBB2 encoding thioredoxin reductase (Rvl471, Rv3913) and Rv3840 encoding 
transcriptional regulatory protein.
4.2.2.C Exponential phase of strain H37Rv compared to Beijing 94-1576
Hybridisation experiments of H37Rv compared to Beijing 94-1576 lead to 142 
differentially expressed genes in the H37Rv unstressed and 198 genes in the H37Rv 
stressed.
Genes determined to be differentially expressed in exponential phase after exposure to 
oxidative stress are listed in Appendix III. Genes differentially expressed in the H37Rv 
unstressed compared to Beijing 94-1576 unstressed are listed in Appendix III. Table
4.2.2.c.i. Genes differentially expressed in the H37Rv stressed compared to Beijing 94- 
1576 stressed are listed in Appendix III. Table 4.2.2.c.ii.
There were 142 differentially expressed genes in the H37Rv unstressed. The following 
genes were observed; genes {sigBK) encoding sigma factors, ribosomal proteins 
(RplAIS, RpmCGH), polyketide synthase proteins (Pksl5, FadD22), lipoproteins 
(LppABJW), genes encoding transmembrane transport proteins (mmpL3, 9, 10) and 
PE, PPE family proteins (Rvll95, Rvll96, Rvl361c, Rv2352c, Rv3135, Rv3429, 
Rv3477 and Rv3478). The lowest differential expression value was 1.38 for Rv3143
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encoding probable response regulator and the highest was 4.33 for Rv2329c (narKl) 
encoding nitrite extrusion protein.
There were 16 differentially expressed genes at p  <0.0001 in the H37Rv unstressed. 
These genes were hypothetical proteins (Rv0787, Rvll03c, Rvll79c, Rvll86c, 
Rv3407, Rv3836), Rvll85c (fadD2J) encoding fatty-acid-CoA synthetase, PE and 
PPE family proteins (Rvll95, Rvl361c, Rv2352c, Rv3477), ctpD encoding cation- 
transporting P-type ATPase (Rvl469), Rv2905 (IppW) encoding alanine-rich 
lipoprotein, Rv3160c encoding transcriptional regulatory protein, Rv3479 encoding 
transmembrane protein and Rv3920c encoding hypothetical protein similar to JAG 
protein.
There were 198 differentially expressed genes in H37Rv stressed. The following genes 
were observed, sigBK genes encoding sigma factors, ribosomal proteins 
(RplABDFVX, RpmH, RpsCHJS), polyketide synthase proteins (Pks2, Pks3, PapAl), 
lipoproteins (LppAW), cysH encoding adenylyltransferase, ace A encoding isocitrate 
lyase protein, genes encoding succinate dehydrogenase (sdhCD), genes encoding 
membrane transport proteins (mmpL4, 8, 9, 12) and PE and PPE family proteins 
(Rv0280, Rvl 196, Rvl361c, Rv2328, Rv3159c, Rv3429, Rv3477 and Rv3478). The 
lowest differential expression value was 1.42 for Rv0281 encoding a hypothetical 
protein and highest was 33.53 for Rv3407 encoding a hypothetical protein.
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There were 27 differentially expressed genes at p  <0.0001 in the H37Rv stressed. 
These genes were Rv0102 encoding integral membrane protein, transcriptional 
regulatory proteins (Rv0144, Rv2884), hypothetical proteins (Rv0282, Rv0885, 
Rv 1103c, Rv2119, Rv2137c, Rv2161c, Rv2775, Rv3407, Rv3749c, Rv3767c), 
Rv0469 (iumaA) encoding mycolic acid synthase, ribosomal RpsJ, RplP proteins, 
polyketide synthase Pks3 protein, PE and PPE family proteins (Rvll96, Rv3477), 
Rv 1639c encoding hypothetical membrane protein, Rv2543 (IppA) encoding alanine- 
rich lipoprotein, Rv2950c (fadD29) encoding fatty-acid-CoA synthetase, Rv3263 
encoding DNA methylase, Rv3616c encoding hypothetical alanine-, glycine-rich 
protein, Rv3720 encoding fatty-acyl-phospholipid synthase, Rv3726 encoding 
dehydrogenase and Rv3922c encoding hemolysin protein.
Genes determined to be differentially expressed in exponential phase after exposure to 
oxidative stress are listed in Appendix III. Genes differentially expressed in the Beijing 
94-1576 unstressed compared to H37Rv unstressed are listed in Appendix III. Table
4.2.2.c.iii. Genes differentially expressed in the Beijing 94-1576 stressed compared to 
H37Rv stressed are listed in Appendix III. Table 4.2.2.c.iv.
There were 90 differentially expressed genes in the Beijing 94-1576 unstressed. The 
following genes were observed, DNA repair gene (recG), virulence gene (virS), cysA W 
encoding adenylyltransferases, heat shock Hpx protein, transmembrane transport 
MmpS4 protein and antigenic Esat6 protein. The lowest differential expression value 
was 1.42 for Rv0281 encoding hypothetical protein and the highest was 33.53 for
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Rv3407 encoding hypothetical protein.
There were seven differentially expressed genes at p  <0.0001 in the Beijing 94-1576 
unstressed. These genes were hypothetical protein (Rv0569), Rv2398c (cysW) 
encoding adenylyltransferase, Rv2528c (mrr) encoding restriction system protein, 
DNA repair RecG protein, virulence VirS protein, Rv3366 (spoU) encoding 
tRNA/rRNA methylase and Rv3833 encoding transcriptional regulatory protein 
belonging to AraC family.
There were 159 differentially expressed genes in the Beijing 94-1576 stressed. The 
following genes were observed, ribosomal RpmE protein, polyketide synthase Pks7, 
PapA3 proteins, cysW  encoding adenylyltransferase, heat shock Hpx protein, 
transmembrane transport MmpLll protein, antigenic Mpt53 protein, and ferric uptake 
regulation FurB protein. The lowest differential expression value was 1.42 for Rv0485 
possible transcriptional repressor (member of the NAGC/XYLR repressor protein) and 
highest was 10.99 for Rvl996 encoding hypothetical protein.
The Beijing 94-1576 stressed revealed 22 differentially expressed genes at p  <0.0001. 
These genes were hypothetical proteins (Rv0726c, Rvl048c, Rvl334, Rvl831, 
Rv 1954c, Rvl993c, Rvl996, Rv2030c, Rv2252, Rv2302, Rv3081, Rv3831), Rv0782 
iptrBa) encoding second part of protease II, transcriptional regulatory proteins 
(Rv0827c, Rv 1994c, Rv2621c), Rv 1491c encoding conserved membrane protein, 
Rvl661 (pks7) encoding polyketide synthase protein, Rv2358 encoding transcriptional
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regulator of ARSR family, Rv3230c encoding oxidoreductase, Rv3601c (panD) 
encoding aspartate 1-decarboxylase and Rv3862c (whiB6) encoding WhiB-like 
regulatory protein.
4.2 .2 .d  Stationary phase o f  strain H 37R v com pared to B eijing 94-1576
Hybridisation experiments comparing H37Rv to Beijing 94-1576 in stationary phase 
lead to 41 differentially expressed genes in the H37Rv unstressed and 108 genes in the 
H37Rv stressed.
Genes differentially expressed in stationary phase after exposure to oxidative stress are 
listed in Appendix III. Genes differentially expressed in the H37Rv unstressed 
compared to Beijing 94-1576 unstressed are listed in Appendix III. Table 4.2.2.d.i. 
Genes differentially expressed in the H37Rv stressed compared to Beijing 94-1576 
stressed are listed in Appendix III. Table 4.2.2.d.ii.
There were 41 differentially expressed genes in the H37Rv unstressed. The following 
genes were seen, choD encoding cholesterol oxidase precursor protein, heat shock 
HspX protein, mbtAEFG encoding siderophore mycobactin synthesis and desAlA2 
genes encoding desaturase proteins. The lowest differential expression value was 1.91 
for genes mbtG encoding siderophore mycobactin synthesis and highest was 11.95 for 
Rv2817c (the only differentially expressed genes at p  <0.0001) encoding a hypothetical 
protein. However Rv2817c was confirmed as deleted in the Beijing 94-1576, as 
described in Chapter Three.
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There were 108 differentially expressed genes in the H37Rv stressed. The following 
genes were seen, ribosomal proteins (RpsL, RplEIX), DNA repair proteins (RecAX, 
RadA and LexA), removal of damaged nucleotide protein (MutTl) and synthase 
proteins (LeuABCD, KasAB, IlvB). The lowest differential expressed value was 2.15 
for Rvl277 encoding a hypothetical protein and highest was 11.41 for PPE family 
protein (Rv2352c). There were only two differentially expressed genes (Rv 1186c, 
Rv3614c) at p  <0.0001, both genes encoding hypothetical proteins. However Rvl 186c 
was confirmed as deleted in the Beijing 94-1576, as described in Chapter Three.
Genes differentially expressed in stationary phase after exposure to oxidative stress are 
listed in Appendix III. Genes differentially expressed in the Beijing 94-1576 unstressed 
compared to H37Rv unstressed are listed in Appendix III. Table 4.2.2.d.iii. Genes 
differentially expressed in the Beijing 94-1576 stressed compared to H37Rv stressed 
are listed in Appendix III. Table 4.2.2.d.iv.
There were 71 differentially expressed genes in the Beijing 94-1576 unstressed. The 
following genes were seen, genes encoding heat shock proteins (htpX, dnaK, hspR), 
antigenic 35 kDa protein and nusA termination/antitermination factor gene. The lowest 
differential expressed value was 1.92 for Rv0276 and highest was 33.45 for Rv2660c 
encoding a hypothetical protein. There were only three differentially expressed genes at 
p  <0.0001; Rv0752c (fadE9) encoding acyl-CoA dehydrogenase, PPE family protein 
(Rv2108) and Rv2780 (aid) encoding secreted L-alanine dehydrogenase.
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There were 68 differentially expressed genes in the Beijing 94-1576 stressed. These 
differentially expressed genes were, genes encoding heat shock proteins (clpB, dnaK, 
hspX and hsp), genes sigBE encoding sigma factors, genes encoding ribosomal proteins 
(rplABDFVX, rpmJ, rpsK), polyketide synthase PpsA protein, cysM  encoding 
adenylyltransferase, genes encoding transmembrane and membrane transport proteins 
(mmpLS, mmpS5) and genes trxBB2C encoding thioredoxin/thioredoxin reductases. 
The lowest differential expression value was 2.18 for Rv3290c (lat) encoding 
aminotransferase protein and highest was 39.48 for Rv3463 encoding hypothetical 
protein. There were only five differentially expressed genes at p  <0.0001; Rvl672c 
encoding integral membrane transport protein, hypothetical proteins (Rv2010, Rv3831) 
and thioredoxin/thioredoxin reductase proteins (Rvl471, Rv3914).
The results from this section demonstrated that the Beijing 94-1576 is capable of 
mounting a response to oxidative stress in both exponential and stationary phase.
4.2.3 Gene expression analysis of M. tuberculosis Beijing 94-1707
In this study, hybridisation experiments comparing Beijing 94-1707 unstressed to 
Beijing 94-1707 stressed during both exponential and stationary phases were 
performed. Hybridisation experiments comparing H37Rv to Beijing 94-1707 during 
both exponential and stationary phases were performed to investigate the 
transcriptional response of the mycobacteria to oxidative stress. Generally, the list 
exhibited differentially expressed genes at p  <0.05. However, for significant 
differential gene expression, genes at p  <0.0001 were listed.
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4.2.3.a Exponential phase of Beijing 94-1707 compared to Beijing 94-1707
In the exponential phase, hybridisation experiments comparing Beijing 94-1707 
unstressed to Beijing 94-1707 stressed lead to 56 differentially expressed genes in the 
Beijing 94-1707 unstressed and 90 genes in the Beijing 94-1707 stressed.
Genes differentially expressed in exponential phase after exposure to oxidative stress 
are listed in Appendix III. Genes differentially expressed in the Beijing 94-1707 
unstressed compared to Beijing 94-1707 stressed are listed in Appendix III. Table
4.2.3.a.i. Genes differentially expressed in the Beijing 94-1707 stressed compared to 
Beijing 94-1707 unstressed are listed in Appendix III. Table 4.2.3.a.ii.
In the Beijing 94-1707 unstressed, among the 56 differentially expressed genes were 
genes clpB, dnaK encoding heat shock proteins, sigma factor SigE protein (the only 
differentially expressed genes at p  <0.0001), cysT encoding adenylyltransferase, gene 
Rvl909c (furA) encoding ferric uptake regulation protein and gene trxC encoding 
thioredoxin reductase. Rv3221c-Rv3222c genes, adjacent to each other on the 
chromosome and coding proteins of unknown function showed increasing differential 
expression values of 4.83 and 10.71 respectively. The adjacent genes on the 
chromosome rmlBC encoding ribosomal proteins, showed a decreasing differential 
expression values of 13.22 and 4.91 respectively.
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In the Beijing 94-1707 stressed, among the 90 differentially expressed genes were gene 
IprK encoding a MCE family protein, ribosomal proteins (RplCFMNOPVW, RpsACL, 
RpmC), ATP synthase proteins (AtpBCD), genes encoding desaturase proteins (desAl, 
desA3), peroxiredoxin AhpE protein, phoH2 encoding an ATP-binding protein, 
polyketide synthase PapAl protein, superoxide dismutase SodC protein and NADH 
dehydrogenase NuoH protein. Rvl361 encoding a PPE family protein was the only 
differentially expressed gene at p  <0.0001.
4.2.3.b Stationary phase of Beijing 94-1707 compared to Beijing 94-1707
The experiments of Beijing 94-1707 compared to Beijing 94-1707 lead to 54 
differentially expressed genes in the Beijing 94-1707 unstressed and 49 genes in the 
Beijing 94-1707 stressed.
Genes differentially expressed in stationary phase after exposure to oxidative stress are 
listed in Appendix III. Genes differentially expressed in the Beijing 94-1707 unstressed 
compared to Beijing 94-1707 stressed are listed in Appendix III. Table 4.2.3.b.i. Genes 
differentially expressed in the Beijing 94-1707 stressed compared to Beijing 94-1707 
unstressed are listed in Appendix III. Table 4.2.3.b.ii.
In the Beijing 94-1707 unstressed, among the 54 differentially expressed genes were 
genes encoding ribosomal proteins (rplBDMNP, rpsCE), ATP synthase proteins 
(AtpCDEH), synthase TrpAC proteins and NADH dehydrogenase proteins 
(NuoBCDFH).
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In the Beijing 94-1707 stressed, among the 49 differentially expressed genes were 
genes hsp and dnaK encoding heat shock proteins, sigBH encoding sigma factor 
proteins, mbtBCDE encoding siderophore mycobactin synthesis, cysAMT encoding 
adenylyltransferases, gene Rv 1909c (furA) encoding ferric uptake regulation protein, 
integral membrane efflux protein (efpA) and the genes trxBB2C encoding thioredoxin 
reductases. The adjacent genes on the chromosome rmlBC encoding ribosomal 
proteins, showed a decreasing differential expression values of 14.99 and 9.31 
respectively. There were two differentially expressed genes at p  <0.0001; Rv0141c 
encoding a hypothetical protein and Rvl471 (trxB) encoding thioredoxin reductase 
protein.
4.2.3.C Exponential phase of strain H37Rv compared to Beijing 94-1707
Hybridisation experiments comparing H37Rv to Beijing 94-1707 lead to 43 
differentially expressed genes in the H37Rv unstressed and 50 genes in the H37Rv 
stressed.
Genes differentially expressed in exponential phase after exposure to oxidative stress 
are listed in Appendix III. Genes differentially expressed in the H37Rv unstressed 
compared to Beijing 94-1707 unstressed are listed in Appendix III. Table 4.2.3.c.i. 
Genes differentially expressed in the H37Rv stressed compared to Beijing 94-1707 
stressed are listed in Appendix III. Table 4.2.3.c.ii.
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There were 43 differentially expressed genes in the H37Rv unstressed. The following 
genes were observed, polyketide synthase Pks6 protein, LppW lipoprotein, mmpL8 
encoding transmembrane transport protein, desAl encoding desaturase protein, choD 
encoding cholesterol oxidase precursor protein and narKl encoding nitrite extrusion 
protein. There were three differentially expressed genes at p  <0.0001; Rv 1185c 
(fadD21) encoding fatty-acid-CoA synthetase and hypothetical proteins (Rv2159c, 
Rv3408).
There were 50 differentially expressed genes in the H37Rv stressed. The following 
genes were, ribosomal proteins (RplN, RpsN2S), polyketide synthase Pksl6 protein, 
LppG lipoprotein, cysM3 encoding adenylyltransferase, aceA encoding isocitrate lyase 
protein, desAl encoding desaturase protein and choD encoding cholesterol oxidase 
precursor protein. Rv0280 a PPE family protein was the only differentially expressed 
gene at p  <0.0001.
Genes differentially expressed in exponential phase after exposure to oxidative stress 
are listed in Appendix III. Genes differentially expressed in the Beijing 94-1707 
unstressed compared to H37Rv unstressed are listed in Appendix III. Table 4.2.3.c.iii. 
Genes differentially expressed in the Beijing 94-1707 stressed compared to H37Rv 
stressed are listed in Appendix III. Table 4.2.3.c.iv.
There were 65 differentially expressed genes in the Beijing 94-1707 unstressed. The 
following genes were observed, IprL encoding a MCE family protein, DNA repair gene
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(recN), fprA  encoding NADPH-ferredoxin reductase protein, cysG2 encoding 
adenylyltransferase, papA3 encoding polyketide synthase protein, fdxA  encoding 
ferredoxin protein and phoS2 encoding inorganic phosphate transport system. There 
were three differentially expressed genes a tp  <0.0001; Rv3203 (lipV) encoding lipase 
and hypothetical proteins (Rv0080, Rv2661c).
There were 41 differentially expressed genes in the Beijing 94-1707 stressed. The 
following genes were, lipoproteins LpqAJ, lignin peroxidase LipJ protein, transferase 
ArgFJ proteins, arginine repressor ArgR protein and NADH dehydrogenase NuoCH 
proteins.
4.2.3.d Stationary phase of strain H37Rv compared to Beijing 94-1707
Hybridisation experiments comparing H37Rv to Beijing 94-1707 lead to 29 
differentially expressed genes in the H37Rv unstressed and 57 genes in the H37Rv 
stressed.
Genes differentially expressed in stationary phase after exposure to oxidative stress are 
listed in Appendix III. Genes differentially expressed in the H37Rv unstressed 
compared to Beijing 94-1707 unstressed are listed in Appendix III. Table 4.2.3.d.i. 
Genes differentially expressed in the H37Rv stressed compared to Beijing 94-1707 
stressed are listed in Appendix III. Table 4.2.3.d.ii.
164
There were 29 differentially expressed genes in the H37Rv unstressed. The following 
genes were observed, polyketide synthase Ppksl5 protein, LppJ lipoprotein, lignin 
peroxidase LipJ protein, mbtEH encoding siderophore mycobactin synthesis and narKl 
encoding nitrite extrusion protein. There were three differentially expressed genes at p  
<0.0001; Rv2081c encoding transmembrane unknown protein and hypothetical 
proteins (Rv3402c, Rv3822).
There were 57 differentially expressed genes in the H37Rv stressed. The following 
genes were observed, narH encoding nitrite extrusion protein, desAl encoding 
desaturase protein, genes encoding transmembrane and membrane transport proteins 
(mmpL3, mmpL4, mmpS4), peroxiredoxin AhpCD proteins, LpqH lipoproteins, mbtE 
encoding siderophore mycobactin synthesis and choD encoding cholesterol oxidase 
precursor protein. There were eight differentially expressed genes at p  <0.0001; 
Rv0040c (mtc28) encoding secreted proline rich 28 kDa antigen protein, Rv0284 
encoding conserved membrane protein, transcriptional regulatory protein (Rv0465c), 
Rv 1872c (lldD2) encoding lactate dehydrogenase, Rv3874 (esxB) 10 kDa culture 
filtrate antigen and hypothetical proteins (Rv0464c, Rv3408, Rv3614c).
Genes differentially expressed in stationary phase after exposure to oxidative stress are 
listed in Appendix III. Genes differentially expressed in the Beijing 94-1707 unstressed 
compared to H37Rv unstressed are listed in Appendix III. Table 4.2.3.d.iii. Genes 
differentially expressed in the Beijing 94-1707 stressed compared to H37Rv stressed 
are listed in Appendix III. Table 4.2.3.d.iv.
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There were 166 differentially expressed genes in the Beijing 94-1707 unstressed. Due 
to the large number of genes, at p  <0.01 revealed 53 genes differentially expressed in 
the Beijing 94-1707 unstressed. The following genes were observed, membrane 
transport MmpS2 protein, the two-component signal transduction protein {regX3\ gene 
associated with base excision repair (mutTl), antigenic Esat6 protein, lipase LipV 
protein, elongation factor (tsj) gene, ribosomal RpsA, RmlD proteins, regulatory 
WhiB2 protein and NADH dehydrogenase NuoE protein.
There were 14 differentially expressed in the Beijing 94-1707 unstressed at p  <0.0001. 
The following genes were observed, antigenic Esat6 proteins (Rvl037c, Rv3875), 
dnaB encoding replicative DNA helicase, drrA encoding daunorubicin-DIM-transport 
resistance ATP-binding protein ABC transporter, hypothetical proteins (Rv0495c, 
Rv2216, Rv3134c), Rv0557 encoding mannosyltransferase, transposases (Rv0796, 
Rv2106, Rv3185, Rv3326, Rv3380c) and a PGRS family protein (Rv2634c).
There were 28 differentially expressed genes in the Beijing 94-1707 stressed. The 
following genes were observed, cysA3MT encoding adenylyltransferases, heat shock 
DnaK protein, sigma factor SigE protein, trxC encoding thioredoxin reductase and 
rpoB encoding DNA-directed RNA polymerase protein.
The results of this section demonstrate that in the stationary phase, the Beijing 94-1707 
show a limited response to oxidative stress since there was no differentially expressed 
gene at p  <0.0001.
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4.3 Gene expression analysis of M. tuberculosis strains during the nitrosative
stress response
A mechanism suggested to contribute to the survival of M. tuberculosis within 
macrophages was resistance to killing by reactive nitrogen intermediates (MacMicking 
et al., 1997). In this study, the transcriptional response of the M. tuberculosis H37Rv, 
Beijing 94-1576 and Beijing 94-1707 to nitrosative stress was investigated. NaNC>2 at 
3 mM in pH 5.5 was used to induce cultures during exponential phase and 
hybridisation experiments were performed using DNA microarrays. Total RNA was 
isolated from early exponential phase growth (A^ oo 0.3-0.4) as described in Section 2.7. 
For each experiment, a total of 6 hybridisations were performed. The results were 
analysed for differential gene expression by comparative microarray analysis of 
stressed against an unstressed, as described in Section 2.7.
4.3.1 Gene expression analysis of AT. tuberculosis H37Rv
In this study, hybridisation experiments comparing H37Rv unstressed to H37Rv 
stressed during exponential phase were performed to investigate the transcriptional 
response of the mycobacteria to nitrosative stress. The list of differentially expressed 
genes at p  <0.05 revealed 47 differentially expressed genes in the H37Rv unstressed 
and 114 genes in the H37Rv stressed.
Genes determined to be differentially expressed after exposure to nitrosative stress are 
listed in Appendix III. Genes differentially expressed in the H37Rv unstressed 
compared to H37Rv stressed are listed in Appendix III. Table 4.3.l.i. Genes
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differentially expressed in the H37Rv stressed compared to H37Rv unstressed are 
listed in Appendix III. Table 4.3.1 .ii.
Among the 47 differentially expressed genes in the H37Rv unstressed were, genes 
encoding ribosomal proteins (RplONW), NADH dehydrogenase NuoF protein, LppB 
lipoprotein, glycyl-tRNA synthetase gene (glyS) and lipase Lipl protein.
Among the 114 differentially expressed genes in the H37Rv stressed were sigma 
factors SigGI proteins, heat shock ClpX’ protein, superoxide dismutase SodA protein, 
DNA repair RecF protein, arginine biosynthesis ArgJD proteins, methylmalonic acid 
semialdehyde dehydrogenases gene (mmsAB), integral membrane HycP protein, Nei 
endonuclease, acyl-CoA reductase AcrAl protein, pyrophosphate synthetase IdsA 
protein, galactokinase GalK protein and fumaric dehydrogenase FrdA protein. There 
were two differentially expressed genes at p  <0.0001; Rv0414c (thiE) encoding 
thiamin phosphate pyrophosphorylase and hypothetical protein Rv0499.
The results of this section demonstrate that H37Rv showed a limited response to 
nitrosative stress since there was a small number of differentially expressed genes at p  
< 0.0001.
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4.3.2 Gene expression analysis of M. tuberculosis Beijing 94-1576
In this study, hybridisation experiments comparing Beijing 94-1576 unstressed to 
Beijing 94-1576 stressed during exponential phase were performed. Hybridisation 
experiments comparing H37Rv to Beijing 94-1576 during exponential phase were 
performed to investigate the transcriptional response of the mycobacteria to nitrosative 
stress. The lists of differentially expressed genes at p  <0.05 were shown since 
differentially expressed gene at p  <0.0001 was not available.
4.3.2.a Beijing 94-1576 compared to Beijing 94-1576
The hybridisation experiments comparing Beijing 94-1576 unstressed to Beijing 94- 
1576 stressed lead to 23 differentially expressed genes in the Beijing 94-1576 
unstressed and five genes in the Beijing 94-1576 stressed.
Genes determined to be differentially expressed in exponential phase after exposure to 
nitrosative stress are listed in Appendix III. Genes differentially expressed in the 
Beijing 94-1576 unstressed compared to Beijing 94-1576 stressed are listed in 
Appendix III. Table 4.3.2.a.i. Genes differentially expressed in the Beijing 94-1576 
stressed compared to Beijing 94-1576 unstressed are listed in Appendix III. Table
4.3.2.a.ii.
Among the 23 differentially expressed genes in the Beijing 94-1576 unstressed were 
genes encoding oxidoreductase protein, transcription elongation factor G gene (greA), 
integration host factor gene (mIHF), riboflavin synthase beta chain gene (ribH), cycA
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encoding L-asparagine transport protein, ureB encoding urease beta subunit and signal 
recognition particle (SRP) protein (Ffh).
A small number of differentially expressed genes was seen in the Beijing 94-1576 
stressed. These genes were Rv0480c encoding amidohydrolase involving in cellular 
metabolism, cysN encoding adenylyltransferase, Rv1776c encoding regulatory protein, 
Rv2294c encoding aminotransferase and Rv2675c encoding hypothetical protein.
The results of this section demonstrate that the Beijing 94-1576 showed a limited 
response to nitrosative stress since there was no differentially expressed gene at p  
<0.0001.
4.3.2.b Strain H37Rv compared to Beijing 94-1576
Hybridisation experiments comparing H37Rv to Beijing 94-1576 lead to 13 
differentially expressed genes in the H37Rv unstressed and 15 genes in the H37Rv 
stressed.
Genes determined to be differentially expressed in exponential phase after exposure to 
nitrosative stress are listed in Appendix III. Genes differentially expressed in the 
H37Rv unstressed compared to Beijing 94-1576 unstressed are listed in Appendix III. 
Table 4.3.2.b.i. Genes differentially expressed in the H37Rv stressed compared to 
Beijing 94-1576 stressed are listed in Appendix III. Table 4.3.2.b.ii.
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Among the 13 differentially expressed genes in the H37Rv unstressed were ribosomal 
RpmC protein, Rv0260c encoding transcriptional regulator protein, genes encoding 
hypothetical proteins (Rv0367c, Rv0493c, Rv0785, Rvl057), Rvl065 encoding drugs- 
transport transmembrane ATP binding protein ABC transporter and LppI lipoprotein.
Among the 15 differentially expressed genes in the H37Rv stressed were: the long 
MutT protein (hydrolase) involved in removal of damaged nucleotides, dependent 
isocitrate dehydrogenase NADP {icd l\ preprotein translocase subunit (secG), 
initiation factor IF-3 gene (infC) and ATP-binding protein ABC transporter gene 
0drrB).
Hybridisation experiments comparing H37Rv to Beijing 94-1576 lead to 23 
differentially expressed genes in the Beijing 94-1576 unstressed and 26 genes in the 
Beijing 94-1576 stressed.
Genes determined to be differentially expressed in exponential phase after exposure to 
nitrosative stress are listed in Appendix III. Genes differentially expressed in the 
Beijing 94-1576 unstressed compared to H37Rv unstressed are listed in Appendix III. 
Table 4.3.2.b.iii. Genes differentially expressed in the Beijing 94-1576 stressed 
compared to H37Rv stressed are listed in Appendix III. Table 4.3.2.b.iv.
Among the 23 differentially expressed genes in the Beijing 94-1576 unstressed were 
antigenic Mpt64 protein, peroxiredoxin Ahpc protein, regulatory WhiBl protein,
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phosphoribosylformylglycinamidine synthase gene (purQ) and citrate synthase gene 
(gltA2).
Among the 26 differentially expressed genes in the Beijing 94-1576 stressed were heat 
shock proteins (DnaK, HtpX, GroELl, GroES), mbtF encoding siderophore 
mycobactin synthesis, electron transfer FdxD protein, integration host factor gene 
(mIHF), gene encoding acetyl-CoA acetyltransferase (fadA4),fadB5 gene involving in 
butyrate/butanol- producing pathway and genes involving in lipid degradation (fadE12, 
fadE13). The adjacent genes on the chromosome Rv0283, Rv0283 and Rv0284 
showed differential expression values of 2.37, 6.32 and 4.52 respectively.
The results of this section demonstrate that the Beijing 94-1576 showed a limited 
response to nitrosative stress since differentially expressed genes at p  <0.0001 were not 
detected.
4.3.3 Gene expression analysis of M. tuberculosis Beijing 94-1707
In this study, hybridisation experiments comparing Beijing 94-1707 unstressed to 
Beijing 94-1707 stressed during exponential phase were performed. Hybridisation 
experiments comparing H37Rv to Beijing 94-1707 during exponential phase were 
performed to investigate the transcriptional response of the mycobacteria to nitrosative 
stress. Generally, the list exhibited differentially expressed genes at p  <0.05. However, 
genes at p  <0.0001 were listed for significant differential gene expression.
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4.3.3.a Beijing 94-1707 compared to Beijing 94-1707
Hybridisation experiments comparing Beijing 94-1707 unstressed to Beijing 94-1707 
stressed lead to two differentially expressed genes in the Beijing 94-1707 unstressed 
and 26 genes in the Beijing 94-1707 stressed. The lists of differentially expressed 
genes at p  <0.05 are present since differentially expressed genes at p  <0.0001 were not 
detected.
Genes determined to be differentially expressed in exponential phase after exposure to 
nitrosative stress are listed in Appendix III. Genes differentially expressed in the 
Beijing 94-1707 unstressed compared to Beijing 94-1707 stressed are listed in 
Appendix III. Table 4.3.3.a.i. Genes differentially expressed in the Beijing 94-1707 
stressed compared to Beijing 94-1707 unstressed are listed in Appendix III. Table
4.3.3.a.ii.
The two differentially expressed genes in the Beijing 94-1707 unstressed were Rv0687 
encoding short-chain dehydrogenase/reductase protein and Rv0774c encoding exported 
protein with hydrophobic region near N-terminus. Among the 26 differentially 
expressed genes in the Beijing 94-1707 stressed were fadB2 gene involving in 
butyrate/butanol- producing pathway, accDS encoding acetyl-CoA carboxylase 
carboxyl transferase, arsenic-transport integral membrane protein (nadC), mbtBG 
encoding siderophore mycobactin synthesis, phosphate-transport permease gene {pitB), 
gene encoding chorismate synthase in Shikimate pathway (aroF) and gene encoding 
iron dependent repressor/activator (ideR). Rv0083 gene encoding oxidoreductase was
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the only differentially expressed gene at p  <0.0001.
The results of this section demonstrate that the Beijing 94-1707 showed a limited 
response to low pH stress since there was only one differentially expressed gene at p  
<0 .0001.
4.3.3.b Strain H37Rv compared to Beijing 94-1707
Hybridisation experiments comparing H37Rv to Beijing 94-1707 lead to very large 
numbers of genes, 662 differentially expressed genes in the H37Rv unstressed and 82 
genes in the H37Rv stressed at p  <0.05. However, there were 130 genes differentially 
expressed at p  <0.0001 in the H37Rv unstressed and 15 genes differentially expressed 
at p  <0.001 in the H37Rv stressed.
Genes determined to be differentially expressed in exponential phase after exposure to 
nitrosative stress are listed in Appendix III. Genes differentially expressed in the 
H37Rv unstressed compared to Beijing 94-1707 unstressed are listed in Appendix III. 
Table 4.3.3.b.i. Genes differentially expressed in the H37Rv stressed compared to 
Beijing 94-1707 stressed are listed in Appendix III. Table 4.3.3.b.ii.
Among the 130 genes differentially expressed at p  <0.0001 in the H37Rv unstressed 
were ribosomal proteins (RpsJ, RplCQ, RmlB), NADH dehydrogenase proteins 
(NuoL), cysG encoding adenylyltransferase, heat shock HspX protein, accD3 encoding 
acetyl-CoA carboxylase carboxyl transferase, arsenic-transport integral membrane
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NadC protein, electron transfer FdxA protein, citrate synthase gene (jgltD), ATP- 
binding protein ABC transporter gene (.drrA), initiation factor IF-3 gene (infB), 
rpoABC encoding DNA-directed RNA polymerase proteins, polyketide synthase 
proteins (Pksl, 13), MCE family Mce4 protein, transmembrane transport MmpL4 
protein, nitrite extrusion NarKl protein.
Among the 15 differentially expressed genes at p  <0.001 in the H37Rv stressed were 
genes involving in lipid degradation (fadE23, fadE24), accD2 encoding acetyl-CoA 
carboxylase carboxyl transferase, methylmalonic acid semialdehyde dehydrogenase 
gene (<mmsA), 8-amino-7-oxononanoate synthase gene (bioF2), cellulase gene {celA) 
and acyl-carrier protein reductase gene (fabG4). There were five differentially 
expressed genes at p  <0.0001; hypothetical proteins (Rv0094c, Rv0241c, Rv2159c, 
Rv3467) and Rv2659c encoding phiRv2 phage protein.
Exposure to nitrosative stress during exponential phase lead to very large numbers of 
genes at p  <0.05, 264 differentially expressed genes in the Beijing 94-1707 unstressed 
and 333 genes in the Beijing 94-1707 stressed. There were 76 genes differentially 
expressed at p  <0.001 in the Beijing 94-1707 unstressed and 56 genes differentially 
expressed at p  <0.0001 in the Beijing 94-1707 stressed.
Genes determined to be differentially expressed in exponential phase after exposure to 
nitrosative stress are listed in Appendix III. Genes differentially expressed in the 
Beijing 94-1707 unstressed compared to H37Rv unstressed are listed in Appendix III.
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Table 4.3.3.b.iii. Genes differentially expressed in the Beijing 94-1707 stressed 
compared to H37Rv stressed are listed in Appendix III. Table 4.3.3.b.iv.
Among the 76 genes differentially expressed at p  <0.001 in the Beijing 94-1707 
unstressed were lipase LipF protein, polyketide synthase proteins (Pksl, 2, PpsC), lipid 
degradation FadEl protein, sigma factor SigG protein, trxB2 encoding thioredoxin 
reductase and the two-component signal transduction protein (regX3).
The Beijing 94-1707 unstressed revealed 14 differentially expressed genes at p  
<0.0001. These genes were Rv0008c encoding membrane protein, Rv0040c (mtc28) 
encoding secreted proline rich 28 kDa antigen protein, Rv0097 encoding 
oxidoreductase involved in cellular metabolism, Rv 1184c encoding exported protein, 
Rv 1329c (ditiG) encoding ATP-dependent helicase, Rv2081c encoding transmembrane 
unknown protein, hypothetical proteins (Rv0613c, Rv2160c, Rv2630, Rv3408, 
Rv3822), Rv3217c encoding integral membrane protein, Rv3706c encoding proline 
rich 13 kDa antigen protein and Rv3750c encoding excisionase protein.
Among the 56 genes differentially expressed at p  <0.0001 in the Beijing 94-1707 
stressed were transcriptional regulatory MoxR protein, lipase LipC protein, antigenic 
Esat6 protein, accA3 encoding acetyl-CoA carboxylase carboxyl transferase, citrate 
synthase gene (gltA2), heat shock Hsp protein, arsenic-transport integral membrane 
NadBC proteins, peroxiredoxin AhpC protein, a two-component system response 
phosphate regulon transcriptional regulator gene (phoP), purF  encoding
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amidophosphoribosyltransferase, transmembrane transport MmpS5 protein, desaturase 
DesA3 protein and nrdEI encoding ribonucleotide-diphosphate reductase.
4.4 Gene expression analysis of M. tuberculosis strains during the low pH 
stress response
M. tuberculosis is resistant to macrophage killing, and its survival during phagocytosis 
and its subsequent multiplication within these professional phagocytes are critical to its 
pathogenesis (Schaible et al., 1998). In this study, Dubos medium at low pH 5.5 was 
used to induce cultures of M. tuberculosis for investigating the transcriptional response 
of the mycobacteria to low pH stress. The M. tuberculosis H37Rv, Beijing 94-1576 
and Beijing 94-1707 were used to investigate gene expression of the mycobacteria 
during exponential phase using DNA microarrays. Total RNA was isolated from early 
exponential phase growth (A^ oo 0.3-0.4) as described in Section 2.7. For each 
experiment, a total of 6 hybridisations were performed.
4.4.1 Gene expression analysis of M. tuberculosis H37Rv
The hybridisation experiments comparing H37Rv unstressed to H37Rv stressed lead to 
seven differentially expressed genes in the H37Rv unstressed and four genes in the 
H37Rv stressed. These genes were detected at p  <0.05 and no differentially expressed 
genes at p  <0.0001 were identified.
Genes determined to be differentially expressed after exposure to low pH stress in 
exponential phase are listed in Appendix III. Genes differentially expressed in the
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H37Rv unstressed compared to H37Rv stressed are listed in Appendix III. Table 
4.4.l.i. Genes differentially expressed in the H37Rv stressed compared to H37Rv 
unstressed are listed in Appendix III. Table 4.4.1 .ii.
The seven differentially expressed genes in the H37Rv unstressed were Rv0287 (esxG) 
encoding Esat6 like protein, hypothetical proteins (Rv0441c, Rv0968, Rvl693, 
Rv2897c) Rv0586 encoding transcriptional regulator (GntR family) and Rvl463 
encoding ATP-binding protein ABC transporter. The four differentially expressed 
genes in the H37Rv stressed were hypothetical proteins (Rvl889c, Rv3120, Rv3354) 
and Rv2434c, encoding transmembrane protein.
The results of this section demonstrate that H37Rv showed a limited response to low 
pH stress since differentially expressed gene at p  <0.0001 were not detected.
4.4.2 Gene expression analysis of M. tuberculosis Beijing 94-1576
In this study, hybridisation experiments comparing Beijing 94-1576 unstressed to 
Beijing 94-1576 stressed during exponential phase were performed. Hybridisation 
experiments comparing H37Rv to Beijing 94-1576 during exponential phase were 
performed to investigate the transcriptional response of the mycobacteria to low pH 
stress.
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4.4.2.a Beijing 94-1576 compared to Beijing 94-1576
The hybridisation experiments comparing Beijing 94-1576 unstressed to Beijing 94- 
1576 stressed lead to a single gene Rv0878c encoding a PPE family protein being 
differentially expressed in the Beijing 94-1576 unstressed and nine genes in the Beijing 
94-1576 stressed. These genes were detected at p  <0.05 and no differentially expressed 
genes at p  <0.0001 were identified.
Genes determined to be differentially expressed after exposure to low pH stress in 
exponential phase are listed in Appendix III. Gene differentially expressed in the 
Beijing 94-1576 unstressed compared to Beijing 94-1576 stressed are listed in 
Appendix III. Table 4.4.2.a.i. Genes differentially expressed in the Beijing 94-1576 
stressed compared to Beijing 94-1576 unstressed are listed in Appendix III. Table
4.4.2.a.ii.
The nine differentially expressed genes seen in the Beijing 94-1576 stressed were 
Rv0144 encoding transcriptional regulatory protein, Rv 1158c encoding proline rich 
protein, atpF encoding ATP synthase protein, glgP encoding glycogen phosphorylase 
protein, ftsW  encoding cell division protein, Rv2276 (cypl21) encoding cytochrome 
P450 protein, Rv2454c encoding oxidoreductase protein, Rv3478 encoding a PPE 
family protein and Rv3583c encoding transcriptional factor protein.
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4.4.2.b Strain H37Rv compared to Beijing 94-1576
The hybridisation experiments comparing H37Rv to Beijing 94-1576 lead to 148 
differentially expressed genes in the H37Rv unstressed and 150 differentially 
expressed genes in the H37Rv stressed.
Genes determined to be differentially expressed after exposure to low pH stress in 
exponential phase are listed in Appendix III. Genes differentially expressed in the 
H37Rv unstressed compared to Beijing 94-1576 unstressed are listed in Appendix III. 
Table 4.4.2.b.i. Genes differentially expressed in the H37Rv stressed compared to 
Beijing 94-1576 stressed are listed in Appendix III. Table 4.4.2.b.ii.
Among the 148 differentially expressed genes in the H37Rv unstressed were mmpLlO 
encoding transmembrane protein, desaturase DesAl, DesA3 proteins, lipase LipL 
protein, narH encoding reduction of nitrite, polyketide synthases Pks6, FadD22 
proteins, lipid degradation proteins (FadH, FadD29, FadE30), ribosomal proteins 
(RpsFSH) and clpB encoding heat shock protein. There were two differentially 
expressed genes at p  <0.0001; Rvl606 (hisI2) encoding phosphoribosyl-AMP 1,6 
cyclohydrolase involved in histidine biosynthesis pathway and a PPE family protein 
(Rv2352c).
Among the 150 differentially expressed genes in the H37Rv stressed were aceA 
encoding isocitrate lyase protein, lipase IppU, narX encoding reduction of nitrite, 
polyketide synthase Pks6, Pksl5 proteins, FadD22 proteins, lipid degradation FadA2,
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FadD25, FadD29 proteins, ribosomal proteins (RplBJKLOPQNTVW, RpmE, 
RpsCSH), transmembrane proteins (MmpL7, MmpL9), ctpD encoding cation- 
transporting P-type ATPase D protein, ftsKQ  encoding cell division protein and 
chromosome partitioning proteins (ParAB). Rv3407, Rv3408 and Rv3409c adjacent 
genes on the chromosome and transcribed in the same orientation, showed decreasing 
differential expressed values of 14.63, 7.53 and 4.91 respectively.
There were 24 differentially expressed genes at p  <0.0001; hypothetical proteins 
(Rv3408, Rv1870c, Rv 1871c, Rv2159c, Rv2949c, Rv3662c), Rv0075 encoding 
aminotransferase, Rv0405 (pks6) encoding polyketide synthase, Rv0465c encoding 
regulatory protein, Rv0467 (icl) encoding isocitrate lyase, Rv0651 (rplJ) encoding 
ribosomal proteins, desaturase DesA2, DesA3 proteins, transposases (Rvl047, 
Rvll99c, Rv3023c, Rv3115), R vll62 (narH) encoding reduction of nitrite, PE and 
PPE family proteins (Rvll95, Rvll96), Rvl872c (lldD2) encoding L-lactate 
dehydrogenase, Rv2950c (fadD29) encoding lipid degradation, Rv3726 encoding 
dehydrogenase, Rv3750c encoding excisionase.
The differentially expressed genes in the H37Rv unstressed and stressed were 
Rv0250c, Rv0405, Rv0653c, Rv0705 (rpsS), Rv0824c (desAl), Rvl047, Rvl 196 (PPE 
family), Rvl 199c, Rvl505c, Rvl870c, Rv2081c, Rv2666, Rv2948c (fadD29), 
Rv2989, Rv3229c (desA3) and Rv3409 (choD).
181
Exposure to low pH stress during exponential phase lead to 84 differentially expressed 
genes in the Beijing 94-1576 unstressed and 217 differentially expressed genes in the 
Beijing 94-1576 stressed.
Genes differentially expressed after exposure to low pH stress in exponential phase are 
listed in Appendix III. Genes differentially expressed in the Beijing 94-1576 unstressed 
compared to H37Rv unstressed are listed in Appendix III. Table 4.4.2.b.iii. Genes 
differentially expressed in the Beijing 94-1576 stressed compared to H37Rv stressed 
are listed in Appendix III. Table 4.4.2.b.iv.
Among the 84 differentially expressed genes in the Beijing 94-1576 unstressed were 
genes involving in lipid degradation (fadE23, fadE25), sigma factor SigE protein, 
mbtCDG encoding siderophore mycobactin synthesis, ATP synthase proteins 
(AtpABCFGH), heat shock proteins (DnaK, GroEL2, GroES), and ribosomal RmlD 
protein. There were five differentially expressed genes at p  <0.0001; hypothetical 
protein (Rv3402c), Rv3224 encoding iron-regulated oxidoreductase, Rv3240c (secA) 
encoding preprotein translocase subunit a component of secretion apparatus, Rv3248 
(sahH) encoding adenosylhomocysteinase and Rv3874 (esxB) encoding 10 kDa culture 
filtrate antigen.
Among the 217 differentially expressed genes in the Beijing 94-1576 stressed were 
polyketide synthase PapAl protein, lipoproteins (LpqCDH), Mce family LprFK 
proteins, virulence gene (glnAl), ribosomal RmlA2D proteins, heat shock proteins
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(DnaK, Hsp, HtpG, GroEL2, GroES), sigma factor SigDFH proteins and DNA repair 
gene (recG). There were two differentially expressed genes at p  <0.0001; Rv0751c 
(mmsB) encoding 3-hydroxyisobutyrate dehydrogenase and R vl078 (pra) encoding 
proline-rich antigen homolog.
The differentially expressed genes in the Beijing 94-1576 unstressed and stressed were 
Rv0350 (,dnaK), Rv0440 (groEL2), Rv0451c (mmpS4), Rv0677c (jmmpS4\ Rv0761c 
(adhB), Rv0805, Rvl078 (pra\ Rvl303, Rvl369c, Rvl461, Rvl462, Rv2108 (PPE 
family), Rv2193 (ctaE), Rv2199c, Rv2429 (ahpD), Rv2454c, Rv2814c, Rv3043c 
0ctaD), Rv3193c, Rv3194c, Rv3211 (rhlE), Rv3224, Rv3240c (,secA), Rv3248c 
(sahH), Rv3257c (pmmA), Rv3266c {rmlD), Rv3274c (fadE25), Rv3318 (sdhA), 
Rv3319 (sdhB), Rv3402c, Rv3412, Rv3418c (groES), Rv3419c (gcp), Rv3427c, 
Rv3524, Rv3853 (menG), Rv3873 (PPE family) and Rv3874.
4.4.3 Gene expression analysis of M. tuberculosis Beijing 94-1707
In this study, hybridisation experiments comparing Beijing 94-1707 unstressed to 
Beijing 94-1707 stressed during exponential phase were performed. Hybridisation 
experiments comparing H37Rv to Beijing 94-1707 during exponential phase were 
performed to investigate the transcriptional response of the mycobacteria to low pH 
stress.
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4.4.3.a Beijing 94-1707 compared to Beijing 94-1707
The hybridisation experiments comparing Beijing 94-1707 unstressed to Beijing 94- 
1707 stressed lead to 54 differentially expressed genes in the Beijing 94-1707 
unstressed and five genes in the Beijing 94-1707 stressed. These genes were detected 
at p  <0.05 and no differentially expressed genes at p  <0.0001 were identified.
Genes determined to be differentially expressed after exposure to low pH stress in 
exponential phase are listed in Appendix III. Genes differentially expressed in the 
Beijing 94-1707 unstressed compared to Beijing 94-1707 stressed are listed in 
Appendix III. Table 4.4.3.a.i. Genes differentially expressed in the Beijing 94-1707 
stressed compared to Beijing 94-1707 unstressed are listed in Appendix III. Table
4.4.3.a.ii.
Among the 54 differentially expressed genes in the Beijing 94-1707 unstressed were 
heat shock GroEL2 protein, cytochrome P450 Cypl21 protein, lipid degradation 
proteins (FadD34, FadD36, FadE7), echA2 encoding enoyl-CoA hydratase, menB 
encoding naphthoate synthase, pdc encoding decarboxylase, gltAl encoding citrate 
synthase 1, lipoproteins (Ipq V, IppZ), transcript cleavage factor (greA), atpD encoding 
ATP synthase, ahpD encoding alkyl hydroperoxide reductase, dnaQ encoding DNA 
polymerase and glgP encoding glycogen phosphorylase.
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The five differentially expressed genes in the Beijing 94-1707 stressed were typA or 
bipA encoding GTP-binding translation elongation factor, Rv3175 involved in cellular 
metabolism and conserved hypothetical proteins (Rv3672c, Rv3864, Rv3920c).
4.4.3.b Strain H37Rv compared to Beijing 94-1707
The hybridisation experiments comparing H37Rv to Beijing 94-1707 lead to 85 
differentially expressed genes in the H37Rv unstressed and 45 differentially expressed 
genes in the H37Rv stressed.
Genes determined to be differentially expressed after exposure to low pH stress in 
exponential phase are listed in Appendix III. Genes differentially expressed in the 
H37Rv unstressed compared to Beijing 94-1707 unstressed are listed in Appendix III. 
Table 4.4.3.b.i. Genes differentially expressed in the H37Rv stressed compared to 
Beijing 94-1707 stressed are listed in Appendix III. Table 4.4.3.b.ii.
Among the 85 differentially expressed genes in the H37Rv unstressed were 
transmembrane MmpL8, MmpL9 proteins, desaturase DesA3 protein, lipase LipF 
protein, genes encoding reduction of nitrites {narKl, narH), polyketide synthase Pks2, 
Pks6 proteins, lipid degradation proteins (FadD34, FadD9, FadD22), and menG 
encoding naphthoate synthase. There were eight differentially expressed genes at p  
<0.0001; hypothetical proteins (Rv3408, Rv0074, Rv3822), Rv0075 encoding 
aminotransferase, Rv 1872c (lldD2) encoding L-lactate dehydrogenase, Rv2721c 
encoding conserved transmembrane alanine-, glycine-rich protein, Rv3726 encoding
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dehydrogenase and Rv3409c (choD) cholesterol oxidase precursor.
Among the 45 differentially expressed genes in the H37Rv stressed were desaturase 
DesAl, DesA3 proteins, lipase LipU protein, polyketide synthase Pksl5 protein, 
cytochrome C reductases QcrBC proteins, acetyl-CoA acetyltransferases FadAA2 
proteins, nirA encoding ferredoxin-dependent nitrite reductase, reductase CysH protein 
and cytochrome c oxidase proteins (CtaDE). Among the differentially expressed genes 
in H37Rv stressed were genes located adjacent on the chromosome and transcribed in 
the same orientation. These genes were Rv0040c (mtc28) proline rich 28 kDa antigen, 
regulatory proteins (Rv0042c, Rv0043c), inol or tbINO (Rv0064c) encoding myo­
inositol-1-phosphate synthase. Other genes were Rv2193 (ctaE), Rv2194 (qcrC) and 
Rv2196 0qcrB).
There were 11 differentially expressed genes at p  <0.0001; hypothetical proteins 
(Rv3615c, Rv3408, Rv3822, Rv3839), Rv0465c encoding transcriptional regulatory 
protein, Rvl872c (lldD2) encoding L-lactate dehydrogenase, a PPE family protein 
(Rv2352c), Rv3229c (desA3) encoding desaturase protein, Rv3616c encoding 
hypothetical alanine-, glycine-rich protein, Rv3726 encoding dehydrogenase and 
Rv3409c (choD) cholesterol oxidase precursor.
In the exponential phase, a number of differentially expressed genes in the H37Rv 
unstressed were; Rv0075, Rv0250c, Rvl870c, Rvl871c, Rvl872c (lldD2), Rv2092c 
ChelY), Rv2159c, Rv2780 {aid), Rv3043c (ctaD), Rv3229c (<desA3), Rv3408 and
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Rv3409c (choD). After exposure to low pH stress, these genes Rv2159c, Rv2780 
(aid), Rv3043c (ctaD), Rv3408 and Rv3409c (choD) were differentially expressed in 
the H37Rv stressed.
Exposure to low pH stress during exponential phase lead to 161 differentially 
expressed genes in the Beijing 94-1707 unstressed and 63 differentially expressed 
genes in the Beijing 94-1707 stressed.
Genes determined to be differentially expressed after exposure to low pH stress in 
exponential phase are listed in Appendix III. Genes differentially expressed in the 
Beijing 94-1707 unstressed compared to H37Rv unstressed are listed in Appendix III. 
Table 4.4.3.b.iii. Genes differentially expressed in the Beijing 94-1707 stressed 
compared to H37Rv stressed are listed in Appendix III. Table 4.4.3.b.iv.
Among the 161 differentially expressed genes in the Beijing 94-1707 unstressed were a 
two-component transcriptional regulator gene {phoP), polyketide synthase PapA5, 
PpsE proteins, genes involving in lipid degradations (fadE14, fadGl, fadD26), sigma 
factor SigE protein, lipoproteins (LipK, LpqDF), mbtABCDEF encoding siderophore 
mycobactin synthesis, heat shock GroES protein, DNA repair RecG proteins and 
ribosomal RmlBC, RplMQ, RpsIKM, RpmJ proteins.
187
There were 39 differentially expressed genes at p  <0.0001; hypothetical proteins 
(Rvl462, Rv 1532c, Rv3371, Rv3402c, Rv3403c, Rv3412, Rv3864), PPE family 
proteins (Rv0280, Rv3873), Rv0450c (mmpL4) encoding transmembrane transport 
protein, Rv0451c (mmpS4) encoding a membrane protein, transposases (Rv0796, 
Rv 1369c, Rv2106, Rv2167c, Rv2355, Rv2649, Rv2814c, Rv3185, Rv3326, Rv3380c, 
Rv3475), drugs-transport transmembrane protein ATP binding protein ABC 
transporter genes (Rvl348, Rvl349), Rvl464 (csd) encoding cysteine desulfurase, 
mbtBEF encoding siderophore mycobactin synthesis (Rv2379c, Rv2380c, Rv2383c), 
Rv2385 (lipK) encoding lipoprotein, Rv2936 (drrA) encoding daunorubicin-DIM- 
transport resistance ATP-binding protein ABC transporter, Rv3133c (devR) coding for 
a two-component transcriptional regulator, Rv3283 (sseA) encoding thiosulfate 
sulfiirtransferase, Rv3322c (moaE3) encoding methyltransferases, Rv3336c (trpS) 
encoding tryptophanyl-tRNA synthetase, ribosomal RmlB, RpsK, RpmJ proteins, 
Rv3828c encoding resolvase within IS/537 element, Rv3829c encoding 
oxidoreductase dehydrogenase and Rv3874 (esxB) encoding a 10 kDa culture filtrate 
antigen.
Among the 63 differentially expressed genes in the Beijing 94-1707 stressed were 
genes encoding transmembrane proteins {mmpS4, mmpL5), lipoproteins (LipV, 
LpqCD), DNA repair RadA protein, antigenic Esat6 protein, and MCE family Mce4 
protein and ribosomal RmlBC, RpmJ proteins. There were five differentially expressed 
genes at p  <0.0001; hypothetical proteins (Rv0079), transposases (Rv 1369c, Rv2279), 
Rv3400 encoding a hydrolase and Rv3413c encoding an alanine-, proline-rich protein.
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The following genes were differentially expressed at p  <0.05 in the Beijing 94-1707; 
Rv0079, Rv0106, Rv0451c (mmpS4), Rv0485, Rv0757 (phoP), Rv0782 (ptrBa), 
Rvl369c, Rvl596 (nadC), Rvl815, Rv2279, Rv2355, Rv2479c, Rv2660c, Rv2814c, 
Rv2883c {pyrH), Rv3132c, Rv3182, Rv3283 (sseA), Rv3371, Rv3389c, Rv3390 
(lpqD\ Rv3400, Rv3404c, Rv3412, Rv3442c {rpsP), Rv3461c (rpmJ), Rv3464 (rmlB), 
Rv3499c (mce4), Rv3519, Rv3524, Rv3831, Rv3864, Rv3866, Rv3874 (,esxB) and 
Rv3475 (esxA). After exposure to low pH stress, two genes were differentially 
expressed at p  <0.0001: hypothetical protein (Rv0079) and probable transposases 
(Rv 1369c, Rv2279).
4.5 Discussion
The purpose of this chapter was aimed at gaining an increased understanding into the 
defence mechanisms of M. tuberculosis strains in preventing cellular damage by 
reactive oxygen and nitrogen intermediates and low pH. These responses are thought to 
be important following host infection. The exposure to different stresses were based on 
the available literature for M. tuberculosis (MacMicking et al., 1997; Schaible et al., 
1998 ; Sherman et al., 1999).
Experiments using viability assays demonstrated that during these stresses there is no 
killing of M. tuberculosis H37Rv, Beijing 94-1576 and Beijing 94-1707. The results 
for the quantitative PCR experiments revealed that the expression of Rv3408, Rv3409c 
and Rv3822 in the response to oxidative stress were indeed more induced in H37Rv 
compared to either Beijing 94-1576 or Beijing 94-1707. The average fold of induction
189
of Rv3408 was approximately 44.5-fold in H37Rv, 4.5-fold in Beijing 94-1576 and 
2.2-fold in Beijing 94-1707. The average fold of induction of Rv3409c was 
approximately 34.5-fold in H37Rv, 3.5-fold in Beijing 94-1576 and 4.2-fold in Beijing 
94-1707. The average fold of induction of Rv3822 was approximately 13.4-fold in 
H37Rv, 2.5-fold in Beijing 94-1576 and 2.0-fold in Beijing 94-1707.
The results obtained from the oxidative, nitrosative and low pH stresses revealed 
significant different responses at p  <0.0001 between the strains of M. tuberculosis. 
H37Rv showed a vigorous response of the genes after exposure to the oxidative stress 
as seen from the number of differentially expressed genes after exposure to the 
oxidative stress compared to a smaller number of genes in the nitrosative and low pH 
stresses. For Beijing 94-1567, a vigorous response of the differentially expressed genes 
was seen after exposure to the oxidative stress but not after nitrosative and low pH 
stresses. For Beijing 94-1707, a vigorous response of the differentially expressed genes 
was seen after exposure to the nitrosative stress. The response of the M. tuberculosis 
strains after different stress conditions at p  <0.0001 are shown in Table 4.2.
Another noticeable result suggested that different strains are subjected to different 
regulation during growth phase. This could be seen from the experiments after 
exposure to oxidative stress during exponential and stationary phase. A greater number 
of differentially expressed genes were seen in H37Rv and Beijing 94-1576 in the 
exponential phase, however, this was not seen in Beijing 94-1707.
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Experiments Oxidative stress Nitrosative stress 
(Exponential phase)
Low pH stress 
(Exponential phase)
Number of differentially expressed genes at p  
<0.0001
Number of 
differentially 
expressed genes at p  
<0.0001
Number of 
differentially 
expressed genes at p  
<0.0001
Exponential phase Stationary phase
H37Rv 
compared 
to H37Rv
H37Rv
stressed
38 (Rv0700, Rvl307, 
Rvl310, R vl311, 
Rv3229c, Rv3918c)
6 (Rvl251c,Rvl614, 
R vl697, Rvl737c, 
Rv2031c, Rv2894c)
2 (Rv0414c, 
Rv0499)
none
H37Rv
unstressed
12 (Rv0251c, Rvl221, 
Rvl278, Rvl463, 
Rv3223c, Rv3828c, 
Rv3913, Rv3914)
7 (Rv0251c, R vl463, 
R vl464, Rvl907c, 
Rv2014, Rv2780, 
Rv3585)
none none
Beijing
94-1576
compared
to
Beijing
94-1576
Beijing 94-
1576
stressed
156 (Rv0251c, 
Rv0467, Rvl221, 
Rvl497, Rv3223c)
10 (Rv0142, R vl469, 
R vl471, Rvl992c, 
Rv2706c Rv3222c)
none none
Beijing 94- 
1576
unstressed
293 (Rv0009, 
RvOOlOc, Rv0169, 
Rv0220, Rv0646c)
none none none
Beijing 
94-1576 
compared 
to H37Rv
Beijing 94-
1576
stressed
22 (Rv0726c, Rv0782, 
Rv 1661, Rvl831, 
Rvl954c,Rv3601c)
5 (R vl471, Rvl672c, 
Rv2010, Rv3831, 
Rv3914)
none 6 (Rv2814c, 
Rv3224, Rv3240c, 
Rv3402c, Rv3874)
H37Rv
stressed
27 (Rv0102, Rv0144, 
Rv0282, Rv0700, 
Rv0708, Rv 1180,
Rv 1196, Rvl387, 
Rv2543, Rv2950c, 
Rv3407, Rv3720, 
Rv3726, Rv3922c)
2 (Rvl 186c, Rv3614c) none 24 (Rv0075, 
Rv0405, Rv0465c, 
Rv0467, Rv0651, 
Rv0840c, Rvl870c, 
Rvl871c, Rvl872c, 
Rv2950c, Rv3229c, 
Rv3408, Rv3726)
Beijing 94- 
1576
unstressed
7 (Rv0569, Rv2398c, 
Rv2528c, Rv2973c, 
Rv3082c, Rv3366)
3 (Rv0752c, Rv2108, 
Rv2780)
none 5 (Rv3224, 
Rv3240c, Rv3248c, 
Rv3402c, Rv3874)
H37Rv
unstressed
16 (Rvl 185, Rvl 195, 
Rvl361c, R vl469)
1 (Rv2817c) none 2 (R vl606, 
Rv2352c)
Beijing
94-1707
compared
to
Beijing
94-1707
Beijing 94-
1707
stressed
1 (Rvl361c) 2 (Rv0141c, Rvl471) 1 (R vl221) none
Beijing 94- 
1707
unstressed
1 (R vl221) none none none
Beijing 
94-1707 
compared 
to H37Rv
Beijing 94-
1707
stressed
none none 56 (Rv0220,
Rv025 lc, Rv0896, 
Rvl078, Rvl 197, 
R vl479, R v l595, 
R v l596, Rv2355, 
Rv2428, Rv3229c, 
Rv3620c, Rv3875)
6 (Rv0079,
Rvl369c, Rv2279, 
Rv3400, Rv3413c, 
Rv3873)
H37Rv
stressed
1 (Rv0280) 8 (Rv0040c, Rv0284, 
Rv0464c, Rv0465c, 
Rvl872c, Rv3408, 
Rv3614c, Rv3874)
5 (Rv0094c, 
Rv0241c, Rv2159c, 
Rv2659c, Rv3467)
11 (Rv0465c,
Rvl872c, Rv2352c, 
Rv3229c, Rv3408, 
Rv3409c, Rv3726, 
Rv3822, Rv3839)
Beijing 94- 
1707
unstressed
3 (Rv0080, Rv2661c, 
Rv3203)
13 (Rv0796, Rv2106, 
Rv2936, Rv3134c, 
Rv3185, Rv3326, 
Rv3380c, Rv3875)
14 (Rv0008c, 
Rv0040c, Rv0097, 
Rvl 184c, Rv2081c, 
Rv3408, Rv3822)
39 (Rv0796, 
Rv2106, Rv2814c, 
Rv2936, Rv3133c, 
Rv3185, Rv3326, 
Rv3828c, Rv3829c)
H37Rv
unstressed
3 (Rvl 185c, Rv2159c, 
Rv3408)
4 (Rv2081c, Rv2380c, 
Rv3402c, Rv3822)
130 (Rv0700, 
Rvl057, Rvl461, 
Rvl462, R v l596, 
Rv2355, RvRv2479, 
Rv3187, Rv3283, 
Rv3285, Rv3371, 
Rv3412, Rv3519)
8 (Rv0074, Rv0075, 
Rvl872c, Rv3408, 
Rv3409c, Rv3726, 
Rv3822)
Only some of the common differentially expressed genes are listed. 
The Rv numbers are based on the H37Rv genome (Cole et al., 1998).
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4.5.a Gene expression analysis of the H37Rv strain
The results emphasise the complexity of gene regulation, it could be seen that in the 
experiments comparing H37Rv stressed with H37Rv unstressed, H37Rv mounted a 
vigorous response after exposure to oxidative stress. Meanwhile in the experiments 
comparing H37Rv to Beijing 94-1576, vigorous responses of H37Rv were seen after 
exposure to oxidative and low pH stresses. In the experiments comparing H37Rv to 
Beijing 94-1707, vigorous responses of H37Rv were seen after exposure to nitrosative 
and low pH stresses.
In this study, sigma factors (sigE, sigH) were differentially expressed in H37Rv 
(exponential phase) before exposure to stress, suggesting that sigE and sigH  were 
essential for growth. This is in contrast with the report that sigE and sigH directly 
regulated the expression of genes after heat shock and oxidative stress (Fernandes et 
al., 1999). Further evidence was that M. tuberculosis sigE/sigH mutant had caused a 
delayed time-to-death in aerosol-infected mice (Ando et a l, 2003).
Rv0251c (hsp) encoding a heat shock protein was differentially expressed in H37Rv 
(exponential and stationary phases) before exposure to stress. The differentially 
expressed value of hsp gene was higher in exponential than stationary phase. Rv0251c 
(hsp) was highly up-regulated at high temperatures (Stewart et al., 2001) and after 24 h 
and 96 h of nutrient starvation (Betts et al., 2002). It was positively regulated by 
R vl221 (sigE) (Manganelli et al., 2001) and possibly down-regulated by Rv2374c
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(,hrcA) (Stewart et al., 2001). In this study, Rvl221 (sigE) was differentially expressed 
in the exponential phase of H37Rv before exposure to stress. This could explain the 
high differentially expressed value 18.62 of hsp gene in H37Rv; nevertheless the hrcA 
gene was not differentially expressed.
There were genes such as those involved in lipid metabolism (fadD21,fadD29) which 
were identified as differentially expressed in this study but were non essential genes in 
H37Rv (Sassetti et a l , 2003). Rvl 185c (fadD2J) was differentially expressed in 
H37Rv (exponential phase) before exposure to stress. Meanwhile Rv2590c (fadD29) 
was differentially expressed in H37Rv (exponential phase) after exposure to oxidative 
and low pH stresses. fadD29 gene was reported to be down-regulated after 24 h while 
fadD21 gene was down-regulated after 96 h in nutrient starvation study (Betts et al., 
2002).
R vl463 (ABC transporter protein) and Rv0700 (rpsJ also known as nusE) were 
differentially expressed in the exponential and stationary phases of H37Rv. Rv0700 
(nusE) was differentially expressed after exposure to oxidative stress. The expression 
of nusE gene was reported to be down-regulated after 96 hour of starvation (Betts et 
al., 2002). From the characterisation study of NusE protein, NusE was shown to 
interact with NusB in the regulation of the rRNA biosynthesis (Gopal et a l , 2001). 
Nevertheless, it could not explain why Rv2533c (nusB) gene was not seen as 
differentially expressed in this study.
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Rv2159c, desA3 (Rv3229c), UdD2 and Rv3408 genes were differentially expressed in 
the exponential phase of H37Rv after exposure to different stresses. Desaturase desA3 
was differentially expressed in H37Rv after exposure to oxidative and low pH stresses, 
however, it was reported to be down-regulated in the nutrient starvation study (Betts et 
a l , 2002).
There were genes such as Rv2159c and Rvl 872c which were not differentially 
expressed in the experiments comparing H37Rv stressed to H37Rv unstressed. 
However, Rv2159c encoding a hypothetical protein was differentially expressed in the 
exponential phase of H37Rv compared to Beijing strains. This can be seen from the 
differentially expressed value of 9.38 in H37Rv compared to Beijing 94-1707 before 
exposure to oxidative stress. The differentially expressed value of Rv2159c was 5.59 
in H37Rv compared to Beijing 94-1576 after exposure to low pH stress and 4.54 in 
H37Rv compared to Beijing 94-1707 after exposure to nitrosative stress.
Meanwhile Rvl 872c (lldD2) encoding L-lactate dehydrogenase was differentially 
expressed in H37Rv (exponential and stationary phases) compared to Beijing strains. 
The differentially expressed value was 3.70 in the stationary phase after exposure to 
the oxidative stress and 3.48 after exposure to the low pH stress in the exponential 
phase of H37Rv compared to Beijing 94-1576. The differentially expressed value was 
2.39 before exposure and 2.84 after exposure to the low pH stress in H37Rv compared 
to Beijing 94-1707.
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Rv3408 encoding a hypothetical protein was differentially expressed in H37Rv 
(exponential phase) before exposure to stress and stationary phase after exposure to 
oxidative stress. In the exponential phase, the differentially expressed value was 18.71 
before exposure to stress while in the stationary phase, it was higher at 24.71 after 
exposure to the oxidative stress.
Rv0075 and Rv3408 were differentially expressed in the exponential phase of H37Rv 
compared to the Beijing strains after exposure to the low pH stress. The differentially 
expressed value of Rv3408 was 7.53 in H37Rv compared to Beijing 94-1576 and 6.39 
in H37Rv compared to Beijing 94-1707. Rv0075 was differentially expressed in 
H37Rv compared to Beijing 94-1576 after exposure to the low pH stress. However in 
the experiments comparing H37Rv to Beijing 94-1707, Rv0075 was highly differential 
expressed before exposure to the low pH stress.
Rv2352c, a PPE family protein was differentially expressed before exposure to the low 
pH stress in H37Rv compared to Beijing 94-1576. Furthermore this gene was 
differentially expressed after exposure to low pH stress in H37Rv compared to Beijing 
94-1707.
Rv3726 encoding dehydrogenase was differentially expressed in H37Rv compared to 
Beijing 94-1576 after exposure to the low pH stress. Meanwhile it was differentially 
expressed in H37Rv compared to Beijing 94-1707 before and after exposure to low pH 
stress.
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Rv3409c (choD) encoding cholesterol oxidase precursor and Rv3822 encoding a 
hypothetical protein were differentially expressed in the exponential phase of H37Rv. 
These genes were differentially expressed in H37Rv compared to Beijing 94-1707 
before and after exposure to low pH stress. The transcription of Rv3409c (choD) was 
reported to be repressed at low pH in vitro conditions, which may mimic an 
environmental signal encountered by phagocytosed bacteria (Fisher et al., 2002).
Among the 38 differentially expressed genes of H37Rv after exposure to oxidative 
stress in exponential phase were genes whose products were involved in ribosomal 
protein (rpsACJS, rplBDFMVWX) synthesis and ATP synthase (atpCDH), cell wall 
and cell processes (Rv3587c, Rv3835, parB, gif, secY), intermediary metabolism and 
respiration (NuoBD, Rv2857c, metE), as well as genes involved in lipid metabolism 
(fadA2, desA3). Ribosomal proteins, ATP synthase proteins, information pathways 
protein (infC) were reported to be down-regulated in nutrient starvation study (Betts et 
al., 2002) but were identified as essential genes in H37Rv (Sassetti et a l, 2003). 
However genes involved in lipid metabolism and intermediary metabolism and 
respiration (Rv2857c), were identified as non essential genes in H37Rv (Sassetti et al., 
2003). Genes involved in cell wall and cell processes, intermediary metabolism and 
respiration (gap, metE), regulatory proteins (Rvl626) were identified as essential genes 
in H37Rv (Sassetti et a l, 2003).
Rv2031 (hspX) and R vl737 (narK2) were among the six differentially expressed genes 
after exposure to oxidative stress in stationary phase. hspX gene was induced by
196
hypoxia (Sherman et al., 2001) and was reported to be up-regulated during nutrient 
starvation (Betts et al., 2002). The mRNA level of hspX gene (identified by real-time 
quantitative RT-PCR) increased 6 h after infection of cultured macrophages (Dubnau 
et al., 2002), in stationary phase and persistent mycobacteria (Hu et al., 2000). R v l737 
(narK2) was reported to be induced under hypoxic condition (Sohaskey & Wayne, 
2003) and among the genes induced by multiple stresses in the M. tuberculosis dosRS 
two-component study (Kendall et al., 2004). Genes involved in antigenic proteins such 
as a proline rich 28 kDa Rv0040c (mtc28) and a member of Esat6 family Rv3874 
(iesxB) were also among the differentially expressed genes in stationary phase after 
exposure to oxidative stress.
Among the 24 differentially expressed genes in H37Rv after exposure to low pH were 
genes whose products were involved in encoding ribosomal proteins (rpU), 
intermediary metabolism and respiration (icl), as well as genes involved in lipid 
metabolism (desA2, desA3, pks6). pks6 was reported to be a non essential gene in 
H37Rv (Sassetti et al., 2003) but an essential gene in CDC1551 (Lamichhane et al., 
2003).
Rv0467 (icl), Rv3615 and Rv3616 were differentially expressed after exposure to low 
pH, which may mimic an environmental signal encountered by phagocytosed 
mycobacteria (Fisher et al., 2002). Rv0467 (icl) was identified in 48 h and 110 h after 
infection of cultured human primary macrophages (Graham & Clark-Curtiss, 1999) 
while its transcription level increased after 24 h and 72 h infection of cultured
197
macrophages (Dubnau et al., 2002). mRNA expression of icl was also identified in 
human lung granulomas of tuberculosis patients (Fenhalls et al., 2002).
4.5.b Gene expression analysis of the Beijing 94-1576 strain
A vigorous response was seen after exposure to oxidative stress in exponential phase 
of the Beijing 94-1576 (stressed) compared to Beijing 94-1576 (unstressed). However, 
there was no significant differentially expressed gene after exposure to the nitrosative 
and low pH stresses. A vigorous response was also seen after exposure to oxidative 
stress in exponential phase of the Beijing 94-1576 compared to H37Rv; nevertheless 
no response was seen in other stress experiments.
Although the results emphasise the complexity of gene regulation, certain trends could 
be identified. Among the significant differentially expressed genes in Beijing 94-1576 
before exposure to stress were genes whose products were involved in encoding the 
DNA repair RecG protein, VirS virulence protein, sulphate-transport integral 
membrane protein ABC transporter (cysW), information pathways (mrr, spoU), 
intermediary metabolism and respiration (aid), a regulatory protein (Rv3833) as well as 
a gene involved in lipid metabolism (fadE9).
Rv2780 (aid) encoding secreted L-alanine dehydrogenase was reported to be up- 
regulated after 24 h and 96 h of nutrient starvation (Betts et al., 2002) while fadE9 
encoding acyl-CoA dehydrogenase was reported to be up-regulated at high 
temperatures (Stewart et al., 2001). However, both genes were non essential genes in
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H37Rv (Sassetti et al., 2003). Meanwhile Rv2398c (cysW) encoding sulphate-transport 
integral membrane protein ABC transporter was reported to be up-regulated after 24 h 
and 96 h of nutrient starvation (Betts et al., 2002) and an essential gene in H37Rv 
(Sassetti et al., 2003).
Genes differentially expressed before exposure to stress include the DNA repair gene 
recG (Rv2973c), virulence gene virS (Rv3082c) and regulatory protein (Rv3833). The 
RecG protein is centrally involved in the regulation of several other genes in DNA 
repair (Mizrahi & Andersen, 1998). The VirS protein, a 38 kDa mycobacterial protein, 
exhibited homology with the VirF protein of Shigella spp., the VirFy protein of 
Yersinia spp. and the Cfad, Rns and FapR proteins from various enterotoxigenic 
Escherichia coli strains (Gupta et al., 1999). Rv3082 (virS) and Rv3833 were 
identified as members of AraC family based on the sequence similarity to the DNA 
binding domain (Cole et al., 1998).
Rv3831 was differentially expressed in both exponential and stationary phases by 
Beijing 94-1576 after exposure to oxidative stress. Rv3831 encoding a hypothetical 
protein was a non essential gene in H37Rv (Sassetti et al., 2003). The differentially 
expressed gene was higher in stationary phase with a value of 6.02 compared to 5.11 in 
exponential phase.
The differentially expressed genes in exponential phase after exposure to oxidative 
stress revealed genes involved in transcriptional regulation (Rv0827c, Rvl994c,
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Rv2621c, Rv2358, whiB6), intermediary metabolism and respiration (ptrBa, panD, 
trxB, trxC), cell wall and cell processes (Rvl491c, Rvl672c) and lipid metabolism 
(pks7). ptrBa was an essential gene in H37Rv (Sassetti et al., 2003) while Rvl672c, 
/?<mD and whiB6 were non essential genes in CDC1551 (Lamichhane et al., 2003). 
Meanwhile both /rxS and trxC were reported to be up-regulated at high temperatures 
(Stewart et al., 2001).
4.5.C Gene expression analysis of the Beijing 94-1707 strain
There was no significant differentially expressed gene from the experiments comparing 
Beijing 94-1707 (stressed) to Beijing 94-1707 (unstressed). A vigorous response was 
seen from the experiments comparing Beijing 94-1707 to H37Rv after exposure to 
nitrosative stress.
AhpC is a peroxiredoxin in reducing peroxides and peroxynitrite from the environment 
(Hillas et al., 2000). Differential expression of ahpC gene after exposure to nitrosative 
stress suggests a significant protective role in Beijing 94-1707. In contrast, ahpC was 
not reported to be an essential gene for M. tuberculosis and the protein had no 
significant role in establishing infection in mice (Springer et al., 2001).
The complete sequence of the M. tuberculosis genome revealed the presence of 11 
paired two-component regulatory systems (Cole et a l , 1998). Rv3133c (devR) coding 
for a two-component transcriptional regulator was differentially expressed in 
exponential phase while Rv3134c encoding a hypothetical protein was differentially
200
expressed in stationary phase. The Rv3133c/Rv3132c genes encoding the DevR/DevS 
two-component system were induced under hypoxic conditions (Sherman et al., 2001) 
and Rv3134c was cotranscribed with devR-devS in M. smegmatis (Mayuri et al., 2002). 
The Rv3133c regulator was involved in the regulation of a-crystallin (acr also known 
as hspX, Rv2031) expression (Florczyk et al., 2003). Although Rv2031 and Rv3132c 
were not differentially expressed, the differential expression of Rv3133c (devR) and 
Rv3134c suggest that they could be persistence determinants of Beijing 94-1707.
Phosphorylation signal transduction between a sensor and its cognate DNA binding 
response regulator trigger the regulation of genes involved in a PhoP/PhoR two- 
component system (Stock et al., 1989). Although Rv0757 (phoP) was differentially 
expressed after exposure to nitrosative stress, Rv0758 {phoR) was not differentially 
expressed. A two-component system response phosphate regulon transcriptional 
regulator gene (phoP) has been implicated in mycobacterial pathogenesis. This was 
shown since the M. tuberculosis phoP mutant was impaired in its ability to multiply in 
mouse bone marrow derived macrophages and was attenuated in mice (Perez et a l, 
2001).
Lipoproteins have been implicated in virulence of mycobacteria (Sander et a l, 2004). 
A mutant with disrupted IspA gene was able to grow in vitro, however, the mutant was 
markedly attenuated in virulence models of tuberculosis. In Beijing 94-1707, Rv3203 
(lipV) and Rv2385 (lipK) were differentially expressed before exposure to stress while 
Rv0220 (lipC) was differentially expressed after exposure to stress. It is very tempting
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to suggest the importance of these genes for the virulence determinants of Beijing 94- 
1707.
Another significant finding is that genes involved in antigenic proteins such as a 
proline rich 28 kDa protein encoded by Rv0040c (mtc28) and members of the Esat6 
family (Rvl037c (esxl), Rvl 197 (esxK), Rv3620c (esxW), Rv3874 (esxB) and Rv3875 
(esxA) encoding for Mtb 9.9D, Tb 11.0, 28 kDa, 10 kDa and 6 kDa culture filtrate 
antigens, respectively) were among the differentially expressed genes in both 
exponential and stationary phases before exposure to stress. The transcription of esxl, 
esxK, esxW, esxA and esxB genes were differentially expressed after exposure to 
nitrosative stress which may mimic an environmental signal encountered by 
phagocytosed mycobacteria. The esxl, esxK, esxW, esxA and esxB genes are part of 
esxA-V gene family and the entire gene cluster is required for delivery of Esat6 
antigenic proteins in M. tuberculosis (Pym et al., 2003). Therefore, further work will 
be needed for determination of the specific Esat6 immune responses of Beijing 94- 
1707.
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Chapter Five: Phenotypic Study of M. tuberculosis Strains
5.1 Introduction
The M. tuberculosis Beijing strains have been found in tuberculosis outbreaks in 
various parts of the world, and sometimes associated with multidrug-resistance. A 
study suggests that there is an association of Beijing strain infection with different host 
immune response (Lopez et a l , 2003). Nevertheless a more recent study shows that 
patients infected with the Beijing genotype infection do not show a different chest X- 
ray presentation (Borgdorff et a l , 2004).
The work described in this chapter involved phenotypic comparison of M. tuberculosis 
H37Rv, Beijing 94-1576 and Beijing 94-1707 in mouse and cell line models. The 
purpose of this chapter was aimed at gaining an increased understanding into the 
virulence of the Beijing strains following infection into the host.
5.2 In vitro growth of M. tuberculosis strains
Experiments were done to investigate in vitro growth of M. tuberculosis H37Rv, 
Beijing 94-1576 and Beijing 94-1707 in Dubos media (pH 7.0). The concentration of 
mycobacteria was estimated by measuring the optical density in a spectrophotometer at 
a wavelength of 600 nm (A6oonm) and the viability of the bacteria (cfu per ml) was 
determined after the plates had been incubated at 37°C for approximately 20 days as 
described in Section 2.1.
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The optical density and viability of the M. tuberculosis H37Rv, Beijing 94-1576 and 
Beijing 94-1707 are shown in Figure 5.1.
In the initial stage of growth, it takes 4 days of incubation to observe changes in the 
viability of the H37Rv, Beijing 94-1576 and Beijing 94-1707. H37Rv grew 
progressively from day 4 until day 7 of incubation after which it ceased growing, 
plateaued they decreased in viability. After day 7 of incubation, the viability of H37Rv 
decreased to less than 108 cfu per ml. The viability of the Beijing 94-1576 and Beijing 
94-1707 was fluctuating between day 4 and 6 of incubation. It was only after day 6 of 
incubation that both Beijing strains grew progressively until they ceased growing 
before further changes were seen in the viability for the strains. At day 7 of incubation 
the viability of both Beijing strains were 108 cfu per ml. After day 7 of incubation, the 
viability of the Beijing 94-1707 was stationary at 108 cfu per ml, while for the Beijing
Q
94-1576 it was fluctuating and less than 10 cfu per ml.
There was no change observed in optical density during the initial stage of growth. It 
was only after day 4 of incubation that the optical density increased progressively for 
all three strains. However the optical density for Beijing 94-1576 was lower compared 
to H37Rv and Beijing 94-1707.
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5.3 In vivo phenotypic studies of M. tuberculosis strains
In this study, a number of systems were used as models for in vivo situations: growth in 
Balb/C mice, C57BL/6 mice, differentiated cells of murine bone marrow derived 
macrophages and macrophage-like cell lines of human origin THP-1. Results have 
indicated that C57BL/6 mice are inherently resistant to M. tuberculosis (Medina & 
North, 1998). The types of mouse model may prove useful in elucidating the 
mechanism of resistance and susceptibility to the H37Rv, Beijing 94-1576 and Beijing 
94-1707 strains. Intravenous infection into mice (Balb/C and C57BL/6) would be 
expected to be more representative of human tuberculosis disease although the use of 
cell lines (murine bone marrow derived macrophages and human monocytic THP-1) 
may have less relevance to the human disease but it reduces variability between 
samples.
5.3.1 Growth in Balb/C mice
Experiments were done to investigate in vivo growth of M. tuberculosis H37Rv, 
Beijing 94-1576 and Beijing 94-1707 in Balb/C mice. The infection was monitored by 
removing the lungs and spleens of three to five infected mice at 1, 28, 56, and 76 days 
of infection intervals. The viability of the bacteria (cfu per organ) was determined after 
the plates had been incubated at 37°C for approximately 20 days.
Growth of H37Rv, Beijing 94-1576 and Beijing 94-1707 in Balb/C mice is shown in 
Figure 5.2.
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An initial infection experiment in Balb/C mice was done for H37Rv and Beijing 94- 
1576. It can be observed that both in the lungs and spleens, H37Rv and Beijing 94- 
1576 grew progressively for 14 days before both strains ceased growing and stationary 
phase growth ensued. The growth of Beijing 94-1576 did then increase but at a slower 
rate compared to the earlier days of infection. For H37Rv, growth decreased, and then 
it grew at a slower rate than during the initial days after infection. However the 
mycobacterial load of H37Rv in the lungs and spleens was significantly lower than 
Beijing 94-1576.
A second infection experiment in Balb/C mice was done but this time for H37Rv, 
Beijing 94-1576 and Beijing 94-1707. It can be seen that in the lungs and spleens, 
these strains grew progressively until day 28 of infection before differences can be seen 
between the strains. It can be seen that H37Rv grew progressively before it ceased 
growing and stationary phase growth ensued, while Beijing 94-1576 continued 
growing with no stationary phase growth seen. In the spleens, Beijing 94-1707 grew 
progressively before it ceased growing, while in the lungs, it ceased growing and 
stationary phase growth ensued. Furthermore the mycobacterial load of Beijing 94- 
1707 was significantly lower than H37Rv in both the lungs and spleens.
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Another infection experiment in Balb/C mice was repeated but for longer (134 days of 
post infection). It can be observed that in the spleens, these strains grew progressively 
for 33 days before differences could be seen between the strains. The growth of both 
H37Rv and Beijing 94-1576 were increasing but at a slower rate than the initial days of 
infection. In the lungs, after day 33 the growth of Beijing 94-1576 was still increasing 
but at a slower rate than the initial days of infection. For H37Rv, in the lungs it grew 
progressively until day 60 of infection before growing at a much slower rate. Although 
initially Beijing 94-1707 grew progressively similar to H37Rv and Beijing 94-1576, 
from day 33 of infection it ceased growing and stationary growth ensued in both the 
lungs and spleens. Furthermore the mycobacterial load of Beijing 94-1707 was 
significantly lower than H37Rv in both the lungs and spleens.
5.3.2 Growth in C57BL/6 mice
Experiments were done to investigate in vivo growth of M. tuberculosis H37Rv, 
Beijing 94-1576 and Beijing 94-1707 in C57BL/6 mice. The infection was monitored 
by removing the lungs and spleens of three to five infected mice at 2, 29, 62, 76 and 
102 days infection intervals. The viability of the bacteria (cfu per organ) was 
determined after the plates had been incubated at 37°C for approximately 20 days.
Growth of H37Rv, Beijing 94-1576 and Beijing 94-1707 in C57BL/6 mice is shown in 
Figure 5.3.
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In the spleens of the C57BL/6 mice over the first 62 days of infection, it can be seen 
that H37Rv and Beijing 94-1576 multiplied at essentially the same rates, after which 
the growth rate in each case was stabilised and plateaued before an increase of growth 
rate at the end of the experiment. It can be seen that there was a slightly higher growth 
rate for Beijing 94-1576 than H37Rv but for Beijing 94-1707, there was no increase in 
growth rate and the mycobacterial load was significantly lower than H37Rv.
In the lungs of the C57BL/6 mice over the first 62 days of infection, Beijing 94-1576 
can be seen to multiply progressively, after which the growth rate was stabilised and 
plateaued. Nevertheless at the end of the experiment, there was an increase of about 
1.8 logs for Beijing 94-1576. In the first 29 days of infection, H37Rv had a slower 
growth rate but it progressively multiplied until 62 days of infection, after which the 
growth rate was stabilised and plateaued before further increase of growth rate at the 
end of the experiment. At the end of the experiment, the mycobacterial load of H37Rv 
was comparable to Beijing 94-1576. In contrast, Beijing 94-1707 multiplied slowly 
over the first 29 days, then progressively multiplied after which infection was 
stabilised and plateaued for the duration of the experiment. It can be seen that both in 
the spleens and lungs, the mycobacterial load of Beijing 94-1707 was significantly 
lower than H37Rv.
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5.3.3 Growth in murine bone marrow derived macrophages
Experiments were done to investigate in vivo growth of M. tuberculosis H37Rv, 
Beijing 94-1576 and Beijing 94-1707 in murine bone marrow derived macrophages. A 
multiplicity of infection of 1:10 mycobacteria per macrophage was used for each tested 
bacterial strain. The macrophages were harvested at various time points after infection 
(0, 4, 8 and 11 days) and the viability of the bacteria (cfu per well) was determined 
after the plates had been incubated at 37°C for approximately 20 days.
Growth of H37Rv, Beijing 94-1576 and Beijing 94-1707 in murine bone marrow 
derived macrophages is shown in Figure 5.4.
Differences in growth can be seen between the strains in the murine bone marrow 
derived macrophages experiment. H37Rv and Beijing 94-1576 grew progressively 
from day 4 of infection, after which growth was controlled and caused to plateau. The 
mycobacterial load achieved by H37Rv and Beijing 94-1576 was at about 5.5 and 8.0 x 
105 cfu per well on day 11 of infection. Meanwhile the growth for Beijing 94-1707 was 
at a much slower rate compared to H37Rv and Beijing 94-1576 while the 
mycobacterial load was at about 1.0 x 105 cfu per well on day 11 of infection. It can be 
seen that on both days 8 and 11 of infection, the mycobacterial load of Beijing 94-1707 
was significantly lower than H37Rv.
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5.3.4 G row th in the hum an m onocytic cell line THP-1
Experiments were done to investigate in vivo growth of M. tuberculosis H37Rv, 
Beijing 94-1576 and Beijing 94-1707 in the human monocytic cell line THP-1. A 
multiplicity of infection of 1:10 mycobacteria per macrophage was used for each tested 
bacterial strain. The macrophages were harvested at various time points after infection 
(0, 3, 6 and 9 days). The viability of the bacteria (cfu per well) was determined after 
the plates had been incubated at 37°C for approximately 20 days. For the cell 
morphology study, plates containing infected macrophages were fixed, washed & 
stained with Kinyoun cold acid-fast staining.
Growth of H37Rv, Beijing 94-1576 and Beijing 94-1707 in the human monocytic cell 
line THP-1 are shown in Figure 5.5. Characteristic appearance of the human monocytic 
THP-1 cells intracellularly infected with mycobacterial can been seen in Figure 5.6.
It can be observed that in day 3 of infection, the strains grew progressively before 
differences could be seen between them. After day 3 of infection, H37Rv grew 
progressively until it decreased on day 6 of infection. Both Beijing 94-1576 and 
Beijing 94-1707 did grow but at different rates. It can be seen that the growth rate of 
Beijing 94-1576 was higher than Beijing 94-1707. In this experiment, it can be seen 
that on day 9 of infection, the mycobacterial load achieved by H37Rv was significantly 
lower than Beijing 94-1707.
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Infection in the human monocytic cell line THP-1 experiment was repeated (Figure
5.5.b) and it was observed that the strains grew progressively until day 3 of infection 
before any changes could be seen between the strains on day 9 of infection. After day 3 
of infection, H37Rv continued to grow until it decreased on day 6 of infection. Beijing 
94-1576 had ceased growing after day 3 of infection. After day 3 of infection, the 
growth rate of Beijing 94-1707 decreased slightly before showing a slight increased on 
day 9 of infection. It can be seen that the growth rate of Beijing 94-1576 was lower 
than Beijing 94-1707. Nevertheless on day 9 of infection, the mycobacterial load 
achieved by H37Rv was significantly lower than Beijing 94-1707.
5.4 Discussion
The global distribution and success of the M. tuberculosis Beijing strains have led to 
the hypothesis that these strains may have selective advantages over other M. 
tuberculosis strains. It was important to determine the virulence of the Beijing 94-1576 
and Beijing 94-1707 in mouse and cell line models.
It can be seen that H37Rv and Beijing 94-1576 multiplied at essentially the same rate 
in the lungs and spleens of Balb/C mice over the 14 and 28 days of infection, after 
which infection in each case was controlled and caused to plateau before further 
changes were seen in the infection for the duration of the experiment. The 
mycobacterial load of H37Rv and Beijing 94-1576 was higher than Beijing 94-1707 in 
the Balb/C mice, C57BL/6 mice and murine bone marrow derived macrophages. It was 
observed that the mycobacterial load of H37Rv was consistently lower than Beijing 94-
1576 except that it was comparable in the spleens at 134 days of infection. 
Nevertheless, it can be seen that these H37Rv, Beijing 94-1576 and Beijing 94-1707 
were able to grow and persist in the lungs and spleens of the intravenously infected 
Balb/C mice.
It takes about 28 days for Beijing 94-1707 to progress in the lungs and spleens of the 
Balb/C mice, nevertheless the mycobacterial load of Beijing 94-1707 was lower 
compared to H37Rv and Beijing 94-1576. In contrast to H37Rv and Beijing 94-1576, 
the mycobacterial load of Beijing 94-1707 did not progress in the C57BL/6 mice and 
murine bone marrow derived macrophages. It was only in the human monocytic cell 
line that the mycobacterial load of Beijing 94-1707 was comparable with Beijing 94- 
1576 and higher than H37Rv. Therefore, it is likely that there is more to the ability of 
the Beijing strains to cause disease than solely the mycobacterial load.
In an effort to gain insight into the mycobacteria/macrophage interactions, murine and 
human macrophages were used in the study. It can be seen that the mycobacterial load 
of Beijing 94-1576 was high in both murine bone marrow derived macrophages and 
the human monocytic cell line THP1. However Beijing 94-1707 showed a higher 
mycobacterial load in the human monocytic cell line THP1 than murine bone marrow 
derived macrophages.
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The higher mycobacterial load in the Balb/C mice compared to C57BL/6 mice is 
consistent with the C57BL/6 mice strain being considered as M. tuberculosis-resistant 
(Medina & North, 1998). At the end of the experiment with C57BL/6 mice, in the 
spleens there was a growth of 1.8 logs for Beijing 94-1576 and H37Rv but no 
significant growth for Beijing 94-1707. In the lungs of C57BL/6 mice there was a 
growth of 1.8 logs for Beijing 94-1576 and H37Rv but a significant growth of 0.8 logs 
for Beijing 94-1707. Meanwhile in the spleens of the Balb/C mice, there was a growth 
of between 1.8 and 2.8 logs for Beijing 94-1576, about 1.0 and 2.2 logs for H37Rv and 
about 1.2 logs for Beijing 94-1707. In the lungs of C57BL/6 mice, there was a growth 
of 1.8 logs for Beijing 94-1576 and H37Rv but a lower 1.2 logs for Beijing 94-1707.
Although the Beijing 94-1707 showed a lower mycobacterial load in the Balb/C mice, 
C57BL/6 mice and murine bone marrow derived macrophages, there was no difference 
in the mycobacterial load of Beijing strains in the human monocytic cell line THP1. In 
the cell line model, the mycobacterial load of H37Rv and Beijing strains might be due 
to the ability to grow in an unactivated cells. In contrast to the infected mouse model, 
the complex network of interaction involved in the activation of macrophages and the 
involvement of other cells of the immune system are important in controlling the 
infection.
It has been reported that lipid biosynthesis of the mycobacteria may be important upon 
entry into macrophage (Dubnau et a i, 2002). Lipids mediated cytokine-chemokine 
response was suggested as molecules that regulate host responses to tuberculosis
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infection (Manca et al., 2004). Phenolic glycolipid-mediated inhibition of the innate 
pro-inflammatory response is reflected in the poor survival of mice infected with the 
HN878 strain of the Beijing family (Reed et al., 2004). Hence, this may suggest that 
mouse survival is not attributed to the mycobacterial load but to lipid components of 
the Beijing strains.
In spite of the fact that the mycobacterial load of Beijing 94-1707 was lower than 
Beijing 94-1576 and H37Rv, both Beijing strains proved much more virulent than 
H37Rv, according to host survival. The survival curve for SCID mice infected 
intravenously with each of the three strains shows that Beijing 94-1576 and Beijing 94- 
1707 caused SCID mice to die, with a median survival time of 42 days. Moreover, all 
mice infected with Beijing strains died before any mice infected with H37Rv (Dr 
Debbie Smith, personal communication).
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Chapter Six: General discussion
6.1 Overview
M. tuberculosis is the causative agent of tuberculosis and in particular the Beijing 
strains predominate in high-incidence areas of tuberculosis cases. It is the aim of this 
study to identify the selective advantages of these Beijing strains.
In this study investigations were done on the M. tuberculosis Beijing (94-1576 and 94- 
1707) strains. Although these strains were virulent they were not drug-resistant. 
Several approaches were taken in identifying the selective advantages of these strains. 
One of the approach involved identifying the genome variation among these strains. 
Another approach involved identifying the responses of these strains following 
exposure to a variety of environmental stresses. The final approach involved 
investigating the virulence of these strains to enter and replicate in the host. The 
comparative genomic tool of microarray technique had been applied extensively in the 
genomic variation and gene expression studies. Meanwhile the virulence of these 
strains was determined in the phenotypic study involving mouse and cell line models.
A section in the study was focused on investigating the genomic variation in the M. 
tuberculosis, M. bovis and M. africanum strains. The genomic comparisons were 
performed using microarray technique and had resulted in a more defined picture of the 
evolutionary pathway of the M. tuberculosis complex.
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6.2 Genomic variation of the AT. tuberculosis complex strains
In this study, the extent of genetic variability among M. bovis BCG, M. bovis and M. 
africanum isolates was performed using the comparisons of microarray technique. This 
technique had allowed analysis of simultaneous screening of many genes present in the 
genome of M. tuberculosis complex. The genomic sequence of M. tuberculosis H37Rv 
was used as a reference for genomic comparison.
Comparative genomics revealed a number of regions present in H37Rv but which were 
deleted from M. bovis (human and cattle isolates), M. bovis BCG and M. africanum 
isolates. As shown in the Figure 6.1, the combined approach of bioinformatic analyses 
and sequencing of selected genes resulted in a more defined picture of the evolutionary 
pathway of M. tuberculosis complex.
The most significant finding was the presence of RD9 in M. bovis isolated from cattle. 
In the evolutionary pathway, the strains isolated from the cattle was designated as 
‘classical’ M. bovis (Brosch et al., 2002). Therefore, the presence of RD9 in the M  
bovis (cattle) differs greatly from the published evolutionary pathway.
6.3 Genomic variation of the M. tuberculosis strains
In this section, the extent of genetic variability among the M. tuberculosis strains was 
performed on the strains isolated from the same area (India strains) and also different 
geographical areas. Besides the knowledge of the isolated geographical areas, some of 
the strains were epidemiologically linked using RFLP and phage typing.
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In this study, much of the genomic variability seen among M. tuberculosis strains was 
associated with sequence polymorphisms involving the transposase elements and 
prophage phiRvl (RD3). Genomic variability due to these unstable genes corresponded 
well with the IS6770-RFLP typing commonly used in the epidemiologic study of M. 
tuberculosis isolates. Furthermore other mechanisms such as horizontal transfer could 
rarely account for genomic variability in the mycobacteria. However in other bacteria 
such as Staphylococcus aureus, genomic variability was associated with large regions 
of difference, many of which corresponded to horizontally transferred elements 
(Lindsay & Holden, 2004).
6.4 Analysis of deleted regions in the Beijing strains
The microarray technique was only able to identify that a deletion is very likely to exist 
in a given region of the genome. Further confirmation of this putative deletion and 
identifying the boundaries of the deletion, was performed using PCR and sequencing 
analysis. In the future, much better analysis software and hybridisation array with 
many more probes would greatly improve the detection of the deletion boundaries.
An interesting finding in the Beijing strains was the deletion of Rv2815c-Rv2820c in 
the direct repeat (DR) locus which corresponded to the spoligotype S00034 for Beijing 
genotypes. This finding also implied that the IS6770 elements in the DR locus were 
lost in these Beijing strains. There have been several mechanisms proposed for the 
generation of polymorphism in the DR locus. The most probable mechanism would be 
homologous recombination since the deletion occurred in discrete units (Groenen et
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a/., 1993). It is unlikely that there may never have been an IS6110 in the DR locus 
since the complete sequence genome of the M. tuberculosis H37Rv investigated 
carried two IS6110 copies in this region (Cole et al., 1998). Hence the absence of 
IS6110 elements in DR locus is not the ancestral state of M. tuberculosis complex 
isolates. Another mechanism would be excision to account for the loss of IS6//0, as 
has been observed with other insertion elements (Mahillon & Chandler, 1998). 
However, excision would typically involve the transposase of the insertion sequence 
but not the direct repeats variable unit. Hence, the loss of intact direct repeats variable 
unit would not be compatible with excision.
Although there is no direct evidence for the mechanism of the deletion in regions 
Rv3180c-Rv3190c (in the Beijing 94-1576) and Rvl754c-Rvl765c (in the four tested 
Beijing strains) however, it is suggested that the deletion of the Rvl754c-Rv 1765c 
arises from the mechanism of the homologous recombination. The scheme was shown 
in the Figure 3.5. This homologous recombination mechanism was consistent with the 
genetic polymorphism found in the IS1574 loci in M. tuberculosis (Fang et al., 1999).
Regarding the identified deleted genes in the Beijing strains, there is nothing obvious 
about the genes to explain the pathogenicity or virulence of the strains. However, there 
is a deleted virulence plcD gene in Rvl754c-Rvl765c region. A more detailed study 
on these proteins would be needed to understand the importance of the complete 
virulence pic operon in these Beijing strains.
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An extensive use of the microarray technique was used to identify IS6110 sites in the 
Beijing 94-1576 and Beijing 94-1707. Apparently there were 16 sites in Beijing 94- 
1576 and 20 sites in Beijing 94-1707 with 11 of them being common in both strains. 
Among these common sites, two sites have been confirmed as having an IS6110 
elements in the Rvl754c-Rvl765c region of both strains and a partial IS6110 element 
in the Rv3180c-Rv3190c region in Beijing 94-1576.
However in this study, identifying IS6110 sites is limited in making inferences about 
the evolutionary relationship of the Beijing 94-1576 and 94-1707 strains. Furthermore 
the ancestor of the Beijing strains was not included in this study. The ancestor of the 
Beijing strains was only mentioned in a very recent report (Kremer et al., 2004). 
Nevertheless the 16 sites o f IS6110 in H37Rv were used as the baseline in identifying 
the subsequent sites in the Beijing strains. Based on the framework of 16 sites in 
Beijing 94-1576 and 20 sites in Beijing 94-1707, a better analysis is needed to finalise 
the IS6110 sites in these Beijing strains. Both Beijing 94-1576 and 94-1707 had a total 
of five deleted IS6110 sites: three sites were in the Rv2815c-Rv2820c region (that is 
confirmed in the DR locus), one site each in the Rvl756c-Rv 1757c and Rvl763- 
Rvl764 regions. Furthermore, an IS6110 element was detected in the Rvl754c- 
Rv 1765c region. In this region, it is possible to infer that homologous recombination 
had occurred to produce deletions in the Rvl756c-Rvl757c and Rvl763-Rvl764 
regions and presence of an IS6110 element (Figure 3.5.f).
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6.5 Genomic relationship of the Beijing 94-1576 and Beijing 94-1707 strains
To clarify the relationship between the Beijing 94-1576 and Beijing 94-1707 strains, 
they were assessed with several genotype markers. The first marker was the TbDl 
region which would identify these strains in the evolutionary pathway of the M. 
tuberculosis complex (Brosch et al., 2002). The second marker was the present of 
between 16 and 20 of IS6110 sites. These two strains were closely linked since 11 of 
these IS6J10 sites were common in both strains. The third marker involved the to G 463 
CTG (Leu) and gyrA95 ACC (Thr) polymorphisms which would identify these strains 
as belonging to group 1 of tubercle bacilli (Sreevatsan et al., 1997). Genetic 
polymorphisms indicated that both of the strains had CTG (Leu) allele at codon 463 in 
the katG gene and AGC (Thr) allele at codon 95 in the gyrA gene. The fourth marker 
was the characteristic marker used for the Beijing genotypes. This characteristic 
marker was a specific insertion of an IS6110 element in the origin of replication 
(intergenic dnaA-dnaN region) and another copy in the NTF-1 region. The final marker 
was detection of polymorphism in the Rv3135 region. The results of the characteristic 
markers seen in these strains implied that the Beijing 94-1576 and Beijing 94-1707 
strains are typical Beijing genotypes.
The scheme shown in the Figure 6.1 is based on the published evolutionary pathway 
(Brosch et al., 2002), showing presence or absence of conserved RD regions in 
members of the M. tuberculosis complex. The grey boxes indicated that the sequences 
of the RD regions, TbDl, katG463 and gyrA95 alleles were confirmed. The green arrow 
indicated that the Beijing 94-1576 and Beijing 94-1707 strains belonged to genetic
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group 1 of tubercle bacilli which are characterised by katG*63CTG (Leu) and 
gyrA95ACC (Thr) alleles.
6.6 Differentially expressed genes in H37Rv, Beijing 94-1576 and Beijing 
94-1707 strains
The responses of the tested strains after exposure to different stress conditions 
emphasise the complexity of gene regulation. It could be seen that in the experiments 
with H37Rv stressed compared to H37Rv unstressed, the H37Rv mounted a vigorous 
response after exposure to oxidative stress. Meanwhile in the experiments with H37Rv 
compared to Beijing 94-1576, vigorous responses of the H37Rv were seen after 
exposure to oxidative and low pH stresses. As for the experiments with H37Rv 
compared to Beijing 94-1707, vigorous responses of the H37Rv were seen after 
exposure to nitrosative and low pH stresses. These results suggested that different 
genes were being regulated, involving different transcriptional regulators to influence 
changes in the expression of the genes of the tested strains.
In this study, the results of the differentially expressed genes relied greatly on the p  
value <0.0001 to avoid false positives. Indeed, in this study some genes that were 
reported previously to be up-regulated in H37Rv did not meet the p  <0.0001 for 
differentially expressed genes in this study. There were some genes in H37Rv after 
exposure to the low pH stress, such as ideR (Hobson et al., 2002) and gltAl (Fisher et 
al., 2002) which did not meet the criteria of p  <0.0001 in this study. Others, such as 
ahpC and ahpD after exposure to the oxidative stress (Hillas et al., 2000) were
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excluded because the data was not sufficiently reproducible between experiments.
There have been reports that sigE and sigH genes were up-regulated for adaptation to 
specific conditions, such as heat stress in M. tuberculosis (Manganelli et al., 1999) and 
during infection of mononuclear phagocytes (Graham & Clark-Curtiss, 1999). 
However in this study the sigE and sigH genes were differentially expressed in the 
experiments with H37Rv unstressed compared to H37Rv stressed. These genes were 
differentially expressed in the exponential phase of H37Rv suggesting these genes are 
essential for growth in mycobacteria. It is tempting to assume that differentially 
expressed genes such as sigE and sigH in H37Rv would be differentially expressed in 
genotypes of M. tuberculosis such as the Beijing genotypes. However the information 
from this gene expression study suggested that genes differentially expressed in H37Rv 
could not be generalized for the Beijing strains.
The virS and Rv3833 genes were differentially expressed in the exponential phase of 
Beijing 94-1576 unstressed compared to H37Rv unstressed. The virS and Rv3833 
genes are members of AraC family (Cole et al., 1998). This gives a suggestion that the 
virulence factors are expressed in the exponential phase of Beijing 94-1576, however 
more findings are needed to support this statement.
A vigorous response was seen after exposure to oxidative stress in the Beijing 94-1576 
stressed compared to H37Rv stressed, such as genes involved in transcriptional 
regulatory proteins (Rv0827c, Rvl994c, Rv2621c, Rv2358, whiB6), intermediary
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metabolism and respiration (ptrBa, panD, trxB, trxC), cell wall and cell processes 
(Rv 1491c, Rvl672c) and lipid metabolism (pks7). There is the possibility of these 
genes having an important role in adaptation of Beijing 94-1576 to the intracellular 
environment.
In the experiments with Beijing 94-1707 compared to H37Rv, Rv3203 (IipV) and 
Rv2385 (lipK) were differentially expressed before exposure to stress while Rv0220 
(lipC) was differentially expressed after exposure to stress. There has been an 
indication of the involvement of lipoproteins in the virulence of mycobacteria (Sander 
et al., 2004). It is very tempting to suggest the importance of these genes for the 
virulence determinant of the Beijing 94-1707.
A vigorous response was seen in the experiments with Beijing 94-1707 stressed 
compared to H37Rv stressed after exposure to nitrosative stress such as in mtc28, the 
Esat6 family (esxABIKW), ahpC, hsp, phoP, devR, and Rv3134c genes. The 
immunodominant antigens for the human immune system (mtc28 and Esat6 family; 
esxABIKW) and the mycobacterial metabolism genes (ahpC, hsp, phoP, devR and 
Rv3134c) give a suggestion that these genes play an important role in allowing Beijing 
94-1707 to adapt to the intracellular environment.
The Beijing strains of M. tuberculosis are more readily transmitted and ultimately more 
successful in causing infections and disease (Bifani et al., 1999). It is likely that the 
combinations of the differentially expressed genes are responsible for the success of
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the Beijing strains.
6.7 Phenotypic studies of H37Rv, Beijing 94-1576 and Beijing 94-1707 strains
During the early stages of infection, a key determinant of virulence is the ability of the 
tubercle bacillus to enter and replicate within the phagosome of phagocytic cells, 
thereby evading the natural host defense mechanisms. The initial stage of growth in 
the Balb/C mice and human monocytic cell line THP-1 did show that H37Rv, Beijing 
94-1576 and Beijing 94-1707 grew progressively before further differences were seen 
between the strains. However, in C57BL/6 mice and murine bone marrow derived 
macrophages, the mycobacterial load of Beijing 94-1707 was significantly lower than 
H37Rv and Beijing 94-1576.
The basis for the differences in virulence between the strains can be deduced from the 
pathology study of the infected organs. Although pathology was not done, it seems 
reasonable to suggest that from the mycobacterial load, the strains of H37Rv, Beijing 
94-1576 and Beijing 94-1707 had caused spleen and lung disease. A study on 
expression of TNF-a and iNOS (Lopez et al., 2003) suggested that the macrophages 
infected with the Beijing strains were activated efficiently during the early phase of 
infection. However these macrophages were rapidly de-activated and did not stimulate 
Thl cells efficiently to arrest bacillary multiplication, resulting in massive tissue 
damage and early death.
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In spite of the fact that the mouse model in this study had failed in delineating the 
mechanisms underlying the infection due to the Beijing strains, both Beijing strains 
proved more virulent than H37Rv in the host survival study. Dr Debbie Smith from 
London School of Hygiene and Tropical Medicine (personal communication) has 
infected SCID mice intravenously with each of the three strains. The survival curve 
showed that Beijing 94-1576 and Beijing 94-1707 caused SCID mice to die, with a 
median survival time of 42 days compared to median survival time of 64 days for mice 
infected with H37Rv (Figure 6.2).
Diverse polyketide synthase genes (pks4, pap A3, fadD28, pksl5, fadD22 and ppsD) 
were identified in the attempts to detect differences in the genome of the Beijing 94- 
1576 and Beijing 94-1707 compared to H37Rv. Hence, this could suggest that the 
virulence of the Beijing 94-1576 and Beijing 94-1707 may be attributed to the lipid 
components of the Beijing strains. Several studies have suggested that the lipid 
components of the Beijing strains regulate the host responses to infection (Manca et 
al., 2004; Reed et a l, 2004).
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6.8 Future perspectives
A report has been published on the parallels between human and bovine tuberculosis 
(Russell, 2003). A useful application from this study could be the detection of the 
deleted genes using PCR for differentiating M. bovis isolates. The immunodominant 
antigens (ESAT-6 and CFP-10 of RD1), or transcriptional regulators (RD2) or the 
hypothetical proteins (RDM) could be used for detection of M. bovis BCG since these 
genes were not deleted in M. bovis human and cattle isolates.
The identified deleted genes in Rv2814c-Rv2820c of the Beijing strains could 
potentially be used for strain differentiation by PCR to investigate outbreaks due to 
Beijing-associated isolates. Strain differentiation for Beijing-associated isolates in 
tuberculosis outbreaks is possible due to the high degree of DNA sequence 
conservation among M. tuberculosis isolates (Sreevatsan et al., 1997). Furthermore, 
this sequence conservation is maintained since a more frequent genome diversity 
involving horizontal gene transfer is extremely rare in M. tuberculosis (Hirsh et a l , 
2004). There are reports on the usage of PCR-based deletion analysis to identify strains 
in tuberculosis outbreaks (Parsons et al., 2002; Rajakumar et al., 2004).
Genomotyping is a powerful tool for determination of the genetic distances between 
closely related M  tuberculosis strains (Butcher, 2004). I do not proposed that 
genomotyping should replace other typing methods; indeed, some laboratories might 
use it as an adjunct to ISb/70 typing much as spoligotyping or MIRU are used at 
present.
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There are a number of methods that can be used to calculate the distances between a 
new cluster and the remaining genes of clusters in the genomotyping. Each method 
will produce a different clustering, so it is important to evaluate the method used. 
Clustering with Pearson Correlation and average linkage was used in the evolutionary 
genomics of Yersinia spp. (Hinchliffe et a l, 2003). Average linkage defines the 
distance between the clusters as the average of the distances between all pairs of points 
in the clusters. Different linkage methods can produce different clusters. The distance 
metric used can also result in different clusters. In this study, the distances measures 
and clustering were applied to analyse microarray results but had failed to draw any 
conclusion on a suitable genomotyping of the 31 M. tuberculosis, six M. bovis and two 
M. africanum strains. Perhaps a method that depends on a better program designed to 
cluster data would be appropriate for genomotyping of these strains. Such a software 
programme has been used to visualise microarray results in gene interaction pathways 
(Papatheodorou et al., 2004).
There is an important aspect of the gene expression of these Beijing strains which 
makes it distinct from the study of laboratory-induced mutations. The detailed analysis 
of these Beijing strains gives the opportunity to study mutational diversity in isolates 
that have survived in the human host and therefore offers a different perspective on the 
importance of particular genetic markers in pathogenesis.
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The responses of the M. tuberculosis H37Rv, Beijing 94-1576 and Beijing 94-1707 
strains after exposure to different stress conditions displayed a range of differentially 
expressed genes. Nevertheless these strains are virulent in mice, they displayed a range 
of virulence as shown above by their ability to achieve mycobacterial loads in the 
mouse and cell line models. Hence these observations suggest that although a 
relatively high degree of similarity existed in the genome of the M. tuberculosis strains, 
it is the combination of the expression of genes in the Beijing strains towards 
environmental stresses and the stimulation of effector molecules in the macrophages of 
the host that had resulted in the success of the Beijing strains in the tuberculosis 
infection.
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APPENDIX I: MEDIA, SOLUTIONS AND STAINING 
PROTOCOL
Media
Dubos broth
K2HP04 lg
Na2HPO4.12H20 6.25g
Na3Citrate 1.25g
MgS04.7H20  0.6g
Asparagine 2g
10% Tween 80 5ml
Casamino acids (Difco) 2g
dH20  to 960ml 
Adjust to pH 7.2 (2N NaOH)
Autoclave 121°C for 15 minutes
Freezing medium
K2HP04 12.6g
Na3Citrate 0.9g
MgS04.7H20  0.18g
(NH4)2S04 1.8g
KH2P04 3.6
Glycerol 96g
dH20  to 1 litre
Autoclave 121°C for 15 minutes
Luria-Bertani broth/agar
Tryptone (Difco) lOg
Yeast extract (Difco) 5g
NaCl lOg
dH20 to 1 litre
Adjust to pH 7.5 (IN NaOH)
For L-agar add Agar (Difco) 15g
Autoclave 121°C for 15 min
Middlebrook 7H11 agar
Glycerol 5ml
7H11 medium powder (Difco) 21 g
dH20 to 900ml
Agar (Difco) 15g
Autoclave 121°C for 15 min.
Add AODC (Difco) after autoclave 100ml
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Solutions
Agarose loading buffer
Xylene cyanol (Sigma) 0.025g
Bromophenol blue (Sigma) 0.025g
Glycerol 3ml
dH20  7ml
Alkaline solution
NaOH (Sigma) 70g
dH20  280ml
95% ethanol 420ml
Long Ranger sequencing gel (6M urea, 1 x TBE, 5% Long Ranger)
Urea 18g
50% Long Ranger (Flowgen) 5ml
10 x TBE 5 ml
10% (w/v) APS 250pl
TEMED 35pl
dH20  to 50ml
Poly-L-lysine Coating solution
poly-L-lysine (Sigma)
1 Ox PBS 
dH20
Prehybridisation solution
ssc
SDS (Bio-Rad)
BSA (Sigma)
Sequencing loading buffer
Formamide (Sigma)
Loading dye (ABI)
SET solution
Sucrose
Tris-Chloride pH8
SSC (1 x)
NaCl
Sodium citrate
Adjust to pH 7.0 (IN NaOH)
Succinic anhydride / sodium borate solution
0.2M boric acid (Sigma) 35ml
Succinic anhydride (Sigma) 5g
n-methyl-pyrrolidinone (Sigma) 315ml
Adjust to pH 8.0 (10N NaOH)
70ml
70ml
560m
3.5x
0.1% (w/v) 
10 mg ml'1
250|il
25pl
0.3M
50mM
0.15M 
0.015M
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TBE (10 x)
Tris base, pH 8.0 
Boric acid 
EDTA
dH20  to 1 litre
TE buffer
Tris-HCl, pH 8.0 
EDTA
STAINING PROTOCOL
Kinyoun cold acid-fast staining
Carbon fiischin for 5 min 
Destain with cone HC1 acid for 2 min 
Rinse and counterstain with methylene blue for 2 min 
Rinse and air dry
121g
61.83g
18.612g
lOmM
ImM
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APPENDIX II: OLIGONUCLEOTIDE PRIMERS
Appendix II .l: Deletion analysis of M. tuberculosis strains using primer sequences for probes on 
microarray slides. These PCR reactions were performed using HotStar Taq polymerase (Qiagen)
Primer
Sequence 5’ -  3’ Tm (°C)
Rv0070c_f ATGAACACCCTCAACGACTCCC 55°C
Rv0070c r CATTGCACAAGATGATGCCGCC
Rv0071_f GGGATCAGACGGGCTCACTGT 55°C
Rv0071 r C AG AC AGCCT G AGTCC AGGG AG
Rv0072_f CCCC A AT GT CTTCCTC ACG ACC 55°C
Rv0072 r CACAATCCACAGCAAAACAGCC
Rv0073_f GGGGG ATT ACTTCGGCG AG AT AG 55°C
Rv0073 r TGCTCGATCAGATCGCGCAGAC
Rv0074 f CCT GGTT GATCT GGGTGA ATCG 55°C
Rv0074 r GGGCAACAATCGCTTCAACAAC
Rv0075_f ACAACGAGGAGTTCGGCTACCC 55°C
Rv0075 r CACCCACGACAGGTAGGTACCG
Rv0279c_f GC AAT GGCGGTAACGGTGGTAG 55°C
Rv0279c r GGGCTCGTTGATCGCGTTGAGG
Rvl 185c_f CGTCCGCAAGACAACAGATGCC 55°C
R vll85c r CACATAAAGAGTCGCTTCCGCC
Rvl186c_f GGAACGGCTGTACCACTTGGTG 55°C
Rvl 186c_r GCACTCTCGAGTACCCGATCCA
R v l187 f GTACCAATATCGGCCGCTACCA 55°C
Rvl187_r CGTTG AC AT AGAAGTTCCCCGC
R v l188 f ACCTCAGC ATCG ACT ACCT GGG 55°C
R v l188 r CGAAATCACCTTGACTACGCCC
R v l189 f GG ACCTCGCGTTT CGTATGGT A 55°C
R v l189 r GTGACTCCAGTGGCGCAGGAT
Rvl754c f GTTCATGTGACATCCGGTGACG 55°C
Rvl754c_r CAT ACCGTT GGTGT A G AGCGCC
Rvl755c_f GCCCAACTCATCATGGCCCAAC 55°C
Rvl755c r T AGCACGGACCGCTCGGAATAC
Rvl756c f CTACGACCACATCAACCGGGAG 55°C
Rvl756c r TTGAGCGTAGTAGGCAGCCTCG
Rvl757c f ATCAGTGAGGTCGCCCGTCTAC 55°C
Rvl757c r GTCTTT AAAATCGCGTT CGCCC
R vl758 f AG AGG ACTT C ATCG ATGCGCT G 55°C
R vl758 r CGCACAGCTGGATGGTCTTTTC
Rvl759c f GATATAACGCTCCCGAGAGCACC 55°C
Rvl759c_r CACTGTCGCCGTT ACCGATCAG
R vl760 f ACGACAATTTTCAGATCCGGCA 55°C
R vl760 r CGGTACCCGACAGAACATCCAG
Rvl761c_f TTCGATACCGAGCGAGTGAGCC 55°C
Rvl761c r CGACCTCGTAACGCCAGTCACC
Rvl762c f TT CACGTCCGACTTGTCGAT CA 55°C
Rvl762c r AGAACTCCACCGTGTGCACTCC
R vl763 f ATCAGTGAGGTCGCCCGTCTAC 55°C
Rvl 763_r GTCTTT AAAATCGCGTT CGCCC
R vl764 f CTACGACCACATCAACCGGGAG 55°C
R vl764 r TTGAGCGTAGTAGGCAGCCTCG
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Primer
Sequence 5’ -  3 ’ Tm (°C)
Rv2352c f TGACGCCGTTTAGTGTGCCGCC 55°C
Rv2352c_r ACCCAACTCCGCCGACATCCCC
Rv2544 f ACCATGATCGGCATATCAACCG 55°C
Rv2544 r CGTTTGGCCGATTCGTTAAACA
Rv2651c f TG AGT AGC ATCCTTTTCCGC AC 55°C
Rv2651c r CCGCACGATCACATCCCCTTCC
Rv2814c_f CTACGACCACATCAACCGGGAG 55°C
Rv2814c_r TTGAGCGTAGTAGGCAGCCTCG
Rv2815c f ATCAGTGAGGTCGCCCGTCTAC 55°C
Rv2815c r GTCTTT AAAATCGCGTT CGCCC
Rv2816c_f G AGTCC AGCGGC ACT AT AGGC A 55°C
Rv2816c r CACAAACTCCTCTGCGCTGACA
Rv2817c f GTCGTTAAGCAAGCGGATCGTG 55°C
Rv2817c_r TATCGGTGAGGATCGCCTTTGA
Rv2818c_f TTGAACTGTCGGCTGAGTTCCC 55°C
Rv2818c r GCGAGCCAGTCCTTGGTGTAGA
Rv2819c f CGCTCAACGAGATTCACGCTTT 55°C
Rv2819c_r T CAAGACAAGTGGTGAGACGCG
Rv2820c_f AAGAAAGACGCCGACCCGT ACC 55°C
Rv2820c r AACGCTCCGAACCCGCTTGTCC
Rv2821c_f ACAAGCCTGTCGTTCGTGATCC 55°C
Rv2821c r T AAAC AGCCGCG AGTT C ATGGT
Rv3179 f GCCGGTGGTTCTCGGACTATCT 55°C
Rv3179 r CCGGGC ACCAGTGT AGAAGAGA
Rv3180c f GCTCGTCT ACTTCGACGCCAGC 55°C
Rv3180c r GTCCC AAACGGCGACT ACC AG
Rv3181c f CTTGGACGGAAGGTGACCAGTC 55°C
Rv3181c r GCCTTGCCAATCACGCCTTC
Rv3182 f CGCCATCGACCTGCTCGAAATG 55°C
Rv3182 r AGTTGCCTGCCTTGTCACCGCC
Rv3183 f CTCTCAGGCCCGTGTCTCCAAG 55°C
Rv3183 r GGTC AGCTCG ACAGT ATTTTCG
Rv3184 f ATCAGTGAGGTCGCCCGTCTAC 55°C
Rv3184 r GTCTTT AAAATCGCGTT CGCCC
Rv3188 f CAGCTTCGTGACCTCGTCCTCC 55°C
Rv3188 r GCCGTCGATAAATGACTCCGCC
Rv3189 f ACGCATCGAACAAAGAGCAAGG 55°C
Rv3189 r GACGGATCAGCGGGAGTAGGTT
Rv3190c f TGATGACGTCGTCGAACAGCTC 55°C
Rv3190c r G ACG AGC AGC AT GT CT CGG ATT
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Appendix II.2: Primers for deletion analysis of M. bovis and M. tuberculosis strains. These PCR 
reactions were performed using HotStar Taq polymerase (Qiagen). The same primers were used 
for sequencing reactions.
Primer Gene Sequence 5’ - 3 ’ Tm (°C)
RD3 f Rvl573-Rvl586c GGACTGCGTGATCGGCG 60°C
RD3 r CATGGCCGATGTGATCC
RD7 f Rvl964-Rvl977 AT GGT AATCGT GGCCG AC 55°C
RD7 r CGT CGCGGT CGAGGTACT
RD8 f Rv3617-Rv3623 GCACAATCACCTCGCCG 55°C
RD8 r CT CGGAGAT CGAGAT CA
RD9 f cobL(Rv2073)-Rv2075 GCATGCGCCAGAGCGGC 55°C
RD9_r CGGCACGCACAACTCGT
RD10 f Rv0221 -Rv0223 CT C AACTACC AC ATCCG 55°C
RD10 r CGGTCAGGCGCTGACGT
Rv2815c_f CGTCGCGGTCGAGGTACT 55°C
Rv2821c r GCACAATCACCTCGCCG
Appendix II.3: Primers for deletion analysis of M. tuberculosis strains and PCR reactions were 
performed using Expand Long Template PCR system (Roche).
Primer Sequence 5’ -  3’ Tm (°C)
Rv0068_f CAACGCCGGGGTGATGTA 64°C
Rv0074c_r CCGCTTTGACGTCGCAGAGT
Rv0071int f GGAGTCGTTGAGGGTGTT
Rvl186c_f ACCGCAGCACCCCGCAACATCTCC 67°C
Rvl189c r GGCGACACCCGGATCCAGCACCTC
Rv3179c_f GCGACCGGTTGATGGCTCTAC 64°C
Rv3190c r TCAACGATCTCGCTGGCTCCTTA
Rvl755IS* ACTGAGATCCCCTATCCG
ISB9Rev_r* ACGTCAAACTGGCAACCG
45bp f GTACACCGAATACGGAACGT
45bp_r* CACTGATCGCTGCCCACTCC
* primer for sequencing
Appendix II.4: Primers for deletion analysis of M. tuberculosis strains and PCR reactions were 
performed using AmpliTaq Gold PCR system (Perkin Elmer).
Primer Sequence 5’ -  3’
Rvl755_f ACGGCCAGCGGTGCAT AGTT CTC
Rv 1766A_r ACC AATC AC ATGC ACCCTCT
Rvl755IS* ACT G AG ATCCCCT AT CCG
ISB9Rev_r* ACGTCAAACTGGCAACCG
45bp_f* GTACACCGAATACGGAACGT
45bp_r* CACTGATCGCTGCCCACTCC
* primer for sequencing
Tm (°C)
58°C
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Appendix II.5: Primers for genotyping analysis of M. tuberculosis strains and PCR reactions were 
performed using either HotStar Taq polymerase (Qiagen)* or AmpliTaq Gold PCR system (Perkin 
Elmer)b.
Primer
g y r A f
gyrA r
dnaA-dnaNf
dnaA-dnaNr
k atG f
katGr
T b D lf
T b D lr
RvD2_f
RvD2_r
outer-Forward
outer-Reverse
inner-Reverse
45bp_f*
45bp_r*
Gene
Rv0006
IS6110 in 
RvOOOl :Rv0002 
Rvl908c
Rvl755/Rvl756
Rvl758/Rvl759
Rv3135(PPE51)
210 bp flanking 
region IS61I0 
(Rv3179:Rv3180)
Sequence 5’ -  3’
CACCTACATCGACT AT GCGA 
GGGCTT CGGT GT ACCT CAT 
CGCATCCGTCAGCGCTCCAA 
GCCAACTCTT GTCGT AGCCGC 
TCG ACTT GCCGCCCT G AC 
ACAGCCACCGAGCACGAC 
CTACCTCATCTTCCGGTCCA 
CATAGATCCCGG AC AT GGT G 
GGACGGTG ACGGT ATTT GT C 
TCGCCAACTTCTATGGACCT 
TCG ACT GCCATAC AACCT G 
GTGCTGGTCGAGAACTGAATG 
GCTCTTGTCTT G ACTT ACCC A 
GTACACCGAATACGGAACGT 
CACTGATCGCTGCCCACTCC
Tm (°C)
58°Cb
58°Cb
58°Cb
58°Cb
55°Ca
58°Cb
55°Ca
* primer for sequencing
Appendix II.6: Primers for subtractive hybridisation study.
Primer Sequence 5’-3’
PCR Primer 1 CT AAT ACG ACTC ACT AT AGGGC
Nested primer l_ f  TGCAAACGACGGCCAG
Nested primer 2_r AGCGTGGTCGCGGCCGAGGT
M13_f* GT AAAACG ACGGCC AG
M13_r* C AGG A AAC AGCT AT G AC
45bp_f* GTACACCGAATACGGAACGT
45bp_r* CACTGATCGCTGCCCACTCC
gyrA_f C ACCT AC ATCG ACTATGCGA
gyrAr* GGGCTT CGGT GT ACCTC AT
* primer for sequencing
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Appendix II.7: Primers for site mapping IS 6 ii0  study.
Primer Sequence 5’-3’
Primer P1 _ f C ACCTGAC ATG ACCCC ATCC
Primer P2 r GGATCTCAGTACACATCGATCC
Appendix II.8: Primers for real time PCR
Primer
s ig A f
sig A r
sigA_probe
Rv3408_f
Rv3408_r
Rv3408_probe
Rv3409_f
Rv3409_r
Rv3409_probe
Rv3822_f
Rv3822_r
Rv3822_probe
Sequence 5’-3’
TCGGTTCGCGCCTACCT 
TGGCTAGCTCGACCTCTTCCT 
TT GAGC AGCGCTACCTT GCCG ATCT 
CGGGTCGAGTCGATGAGAGT 
AACGCGCACGCTCAGTTT 
T GCCCGATACGGACAACCAGGC 
GGCACTGCTGGACGGATATC 
CGAGCAGCTCCGCAACA 
CC AGCT GC AAC AGCG ATTT CCA 
TTCTTT GGCGGGCGTTT AG 
CGGAACGGT GT CGAT GA 
CCGGGAACCCACGTGCCCG
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APPENDIX III: TABLES
Table 1. The cultures and DNAs of M. tuberculosis, M. bovis and M. africanum
DNA no. Species Remarks
130 M. bovis Cattle, IS6110 1.9 kb, PGRS/DR common
97-2242 M. bovis Cattle, IS6JJ0 1.9 kb,
97-2237 M. bovis Cattle
6 M. africanum Human cluster 108
85 M. africanum Human cluster 289038
17069 M. bovis Human cluster no***072
94-2240 M. bovis Human cluster no 287**
10 M. tuberculosis Ecuador
35 M. tuberculosis Rwanda, African family
49 M. tuberculosis Tanzania
53 M. tuberculosis Argentina, Haarlem
India (no IS6110) M. tuberculosis India 74, no IS6U 0
30 M. tuberculosis Beijing genotype
22 M. tuberculosis Beijing genotype
94-1576* M. tuberculosis Beijing genotype
94-1707* M. tuberculosis Beijing genotype
India 1 M. tuberculosis 1 copy of IS6J JO, phage type AoX9II
India 5 M. tuberculosis 5 copies o f IS61J0, phage type AoX9II
India 12 M. tuberculosis 12 copies o f IS6110, phage type B
India 21 M. tuberculosis 1 copy o f IS6110, phage type AoXIV
India 26 M. tuberculosis 4 copies of \S6110, unknown phage type
India 27 M. tuberculosis 8 copies o f \S6110, phage type AoX9IV
India 44 M. tuberculosis 1 copy of \S>6110, phage type AoX9II
India 55 M. tuberculosis 1 copy ofIS<5/70,, phage type Aol
India 58 M. tuberculosis 1 copy of IS 6 //0 , phage type AoX9II
India 63 M. tuberculosis 1 copy of IS 6 //0 , phage type AoX9II
India 68 M. tuberculosis 15 copies of IS 6 //0 , phage type B
India 73 M. tuberculosis 13 copies o f IS 6 //0 , phage type AoII
India 74 M. tuberculosis 1 copy of IS 6 //0 , phage type AoX9II
India 77 M. tuberculosis 12 copies of IS 6 //0 , phage type AoX9III
00-872 M. tuberculosis no IS6110, Netherlands
95-207 M. tuberculosis no IS6110, Netherlands
29a M. tuberculosis no IS6110, Vietnam
99-467 M. tuberculosis no IS6110, Netherlands
99-1767 M. tuberculosis no IS6110, Netherlands
65 M. tuberculosis no \S6110, Netherlands
99-725 M. tuberculosis no IS6110, Indonesia
99-1196 M. tuberculosis no IS6110, Indonesia
The above cultures* and DNAs of were kindly provided by Dr D. van Soolingen and colleagues, 
National Institute of Public Health and the Environment, Bilthoven, The Netherlands.
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Table 
N o . o f  
C lo n e
5 
1 
1 
1 
1 
1 
2
6 
1 
4 
6 
1 
3 
1 
1 
1 
3 
2 
1 
1 
1 
1 
1 
1 
2 
1 
1
13
1
2
2
1
1
1
1
1
1
1
1
1
1
3
3
1
1
2
7
2
1
1
1
1
6
9
2. General features of the subtractive hybridisation clones
O F R /g e n e
Rv0006, gyrA 
Rv0058, dnaB** 
Rv0064 
Rv0146 
Rv0147 
Rv0152c 
Rv0308 
Rv0309 
Rv0319, pep 
Rv0337c, aspC 
Rv0391, metZ 
Rv0512, hemB 
Rv0555, menD 
Rv0566c 
Rv0588, yrbE2B 
Rv0589, mce2A 
Rv0676c,mmpL5 
Rv0685, tuf 
Rv0690c 
Rv0810c 
Rv0838, lpqR 
Rv0943c 
Rv0954 
Rv 1014c, pth 
Rvl 170, mshB 
Rvl 171, PE12 
Rvl 181, pks4 
Rv 1182, papA3 
Rvl 248c, sue A 
R vl304, aptB 
Rvl467c, fadE15 
R v l525, wbbL2 
Rvl 528c, papA4 
R v l553, ffdB 
R vl699, pyrG 
Rvl705c, PPE23 
R vl708
R vl777, cypl44
Rvl861
Rvl871c*
R vl916, aceAb 
R vl975 
Rvl976c
Rv2234, ptpA (MPtpA) 
Rv2317, uspB 
Rv2338c, moeW 
Rv2391, nirA 
Rv2403c, IppR 
Rv2436, rbsK 
Rv2723 
Rv2735c 
Rv2790c, ltpl 
Rv2821c 
Rv2934,ppsD
L o c a tio n  o n  th e  g e n o m e
7302...9818
60531...60817
70458...70526
172651...173198
173429... 172976
179192...179517
377693...377988
378410...378261/377980
397292...397567
402891...402545
470906...471207
604769... 605090
647479... 647899
657767...657503
686833...686685
686916...687333
777371...777491
785026...784927
809936...809936
904987... 904536
935079...935149
1053493...1053185
1065648... 1065456
1133533...1133313
1300953...1301085
1302046...1301513
1316675...1316320
1320375...1321551
1390758...1390962
1460576... 1460089
1654402... 165463 5
1720580... 1720791
1728589... 1729025
1759920... 1759411
1925163...1924755
1933534...1933868
1936888... 1936333
2011955...2011710
2109395...2109207
2121538...2121233
2161680...2161919
2218687...2219142
2219263...2218739
2507463...2507593
2590146...2590379
2613330...2613080
2684906...26856322
2700607...2700520
2733647...2733878
3048051...3048267
3048267...3048051
3100524... 3100096
3128336...3128687
3264427...326410
P r o d u c t
DNA gyrase subunit A 
Replicative DNA helicase 
Conserved transmembrane protein 
Hypothetical protein
Probable aldehyde dehydrogenase (NAD+) dependent
PE family protein
Integral membrane protein
Possible conserved exported protein
pyrrolidone-carboxylate peptidase
Aminotransferase
O-succinylhomoserine sulfhydrylase 
delta-aminolevulinic acid dehydratase 
Menaquinone biosynthesis protein 
Conserved hypothetical protein 
Membrane protein 
MCE family protein 
Transmembrane transport protein 
Iron-regulated elongation factor EF-Tu 
Hypothetical protein 
Hypothetical protein 
Lipoprotein
Possible monooxygenase 
Transmembrane protein 
Peptidyl-tRNA hydrolase 
Involved in mycothiol biosynthesis 
PE family
Probable polyketide synthase 
Polyketide synthase (PICS) protein 
Dehydrogenase protein 
ATP synthase A chain 
Acyl-CoA dehydrogenase 
Rhamnosyl transferase 
Polyketide synthase (PICS) protein 
Fumarate reductase 
CTP synthase 
PPE family
Putative initiation inhibitor protein 
Cytochrome p450 
Transmembrane protein 
Hypothetical protein 
Isocitrate lyase
Conserved hypothetical protein 
Conserved hypothetical protein 
Protein-tyrosine-phosphatase 
ABC transporter protein 
Molybdoptenum biosynthesis protein 
Ferredoxin-dependent nitrite reductase 
Conserved lipoprotein 
Ribokinase 
Membrane protein 
Conserved hypothetical protein 
Lipid-transfer protein 
Conserved hypothetical protein 
Type-I polyketide synthase
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No of
Clone ORF/gene Location in the genome Product
1 Rv2941, fadD28 3284341...3284737 Fatty-acid-CoA synthetase
1 Rv2947c, pks 15 3297285...3297669 Polyketide synthase (PKS) protein
2 Rv2948c, fadD22 3299490...3299074 Fatty-acid-CoA synthetase
2 Rv2959c 3312513...3312236 Possible methyltransferase
1 Rv2968c 3322945...3323262 Conserved integral membrane protein
1 Rv3094c 3462801... 3462956 Conserved hypothetical protein
1 Rv3094c 3452801...3462937 Conserved hypothetical protein
1 Rv3156, nuoL 3523894...3524211 NADH dehydrogenase
1 Rv3233c 3609972... 3 609668 Hypothetical protein
1 Rv3253c 3632667...3632874 Membrane protein
1 Rv3295 3676280...3675870 TETR family protein
3 Rv3407* 3 826163... 3 826490 Conserved hypothetical protein
2 Rv3542c 3981108...3980801 Hypothetical protein
10 Rv3593, lpqF 4034596...4034944 Conserved lipoprotein
1 Rv3698 4140836...4140986 Conserved hypothetical protein
1 Rv3727 4174337...4174269 Possible oxidoreductase
1 Rv3732 4183855...4183328 Conserved hypothetical protein
1 Rv3766 4212490...4212163 Hypothetical protein
1 Rv2306B (Rv0625c) Conserved membrane protein
1 Conserved hypothetical
6 Prophage phiRvl
5
1
IS6110 element
45 bp of strain 21O/IS6//0
3 Rvl755c/Rv1758c 
Direct repeat
3 regions/IS6//0
1 Rv0308/Rv0309 378410...377886 Intergenic region
3 Rv0685c/Rv0686 784672...784750 Intergenic region
1 Rv0761c/Rv0762c 855641...856144 Intergenic region
1 Rv0996/Rv0997 1113310...1113734 Intergenic region
3 Rvl015/Rvl016 1134524..1134829 Intergenic region
2 Rvl182/Rv1183 1321553...1321447 Intergenic region
1 Rv1860/Rv1861 2108886...2109302 Intergenic region
2 Rvl527/Rvl528 1728589... 1729005 Intergenic region
1 Rvl797/Rvl780 2038843...2038971 Intergenic region
1 Rvl705/Rvl706A 1934178...1934115 Intergenic region
1 Rv2002c/Rv2003 2248337...2248678 Intergenic region
1 Rv2190c/Rv2191 2453578...2453423 Intergenic region
1 Rv2509/Rv2510c 2825330...2825671 Intergenic region
1 Rv2940c/Rv2941 3284737...3284341 Intergenic region
3 Rv3383/Rv3384c 3799025...3798845 Intergenic region
1 Rv3646c/Rv3647c 4087351...4087628 Intergenic region
* Genes differentially expressed in H37Rv, ** Genes differentially expressed in Beijing 94-1707
The ORFs/genes and products are based on the H37Rv genome (Cole el al., 1998).
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Table 4.2.1.a.i Genes differentially expressed in exponential phase of H37Rv unstressed
compared to H37Rv stressed in response to oxidative stress
R v  n u m b e r G e n e  n a m e L o g  ra tio  in e x p re ss io n S td E r r P -v a lu e
R v 0 2 5 1 c hsp 18.618095 7.1665907 2.40E-05
R v 0 3 0 6 Rv0306 2.3351793 0.33953798 3.39E-04
R v 0 4 5 1 c mmpS4 2.026536 0.36372778 0.00766539
R v 0 4 6 7 icl 3.118395 0.7927414 0.00355027
R v 0 6 0 6 Rv0606 5.177833 1.4675763 4.02E-04
R v 0 6 7 7 c mmpS5 4.3132887 1.3010246 1.18E-04
R v l 221 sigE 11.29961 3.3051221 6.73E-06
R v l 26 5 Rvl265 2.5312734 0.652505 0.00585654
R v l 27 8 Rvl278 2.3830945 0.4414968 2.12E-04
R v l3 1 6 c ogt 2.0266 0.29926926 0.00875407
R v l3 3 6 cysM 3.8013654 1.4919374 0.00484228
R v l4 6 1 Rvl461 4.8908043 1.7028426 2.15E-04
R v l46 2 R vl462 4.996654 2.335194 0.00480529
R v l 46 3 Rvl463 4.205064 1.0983273 2.67E-05
R v l5 8 8 c Rvl588c 4.495564 1.8864571 0.00998002
R v l6 7 2 c Rvl672c 2.2323565 0.51927334 0.00711712
R v l 767 R vl767 3.4303684 0.7406607 0.00230328
R v 2 6 1 8 Rv2618 2.730991 0.47756398 0.00454904
R v 2 6 2 2 Rv2622 2.3935373 0.40880263 0.00693379
R v 2 7 3 4 Rv2734 2.6786733 0.69968915 0.00499655
R v 2 7 3 7 c recA 4.298921 1.9839176 0.00624772
R v 2 7 4 5 c Rv2745c 2.2684364 0.51376486 0.00448631
R v 2 7 9 2 c Rv2792c 3.0731456 0.7106839 0.00185282
R v 2 8 7 2 Rv2872 5.2018065 0.59303755 0.00474582
R v 2 9 7 9 c Rv2979c 4.79347 1.4527757 0.00228233
R v 3 2 2 3 c sigH 5.5536065 1.8595451 1.68E-04
R v 3 2 6 3 Rv3263 2.372255 0.59114 0.00477163
R v 3 8 2 8 c Rv3828c 3.0309756 0.66439337 7.02E-04
R v 3 8 3 9 Rv3839 9.09688 5.075236 0.00251155
R v 3 9 1 3 trxB2 3.6504426 0.7781134 1.58E-04
R v 3 9 1 4 trxC 4.9609156 1.662553 2.46E-04
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.1.a.ii Genes differentially expressed in exponential phase of H37Rv stressed compared
to H37Rv unstressed in response to oxidative stress
R v  n u m b e r G e n e  n a m e L o g  ra tio  in ex p re ss io n S td E r r P -v a lu e
RvOOOl dnaA 2.3382814 0.5072515 0.00444609
R v 0061 Rv0061 2.2024136 0.42287257 9.82E-04
R v 0 1 6 9 mcelA 6.120343 2.4208248 0.00437733
R v 0 1 7 0 mcelB 3.1402967 0.5351422 0.00674057
R vO I72 mcelC 2.806803 0.8454316 0.00449519
R v 0 1 7 3 IprK 4.280053 1.535261 0.00412595
R v 0 1 7 4 mcelF 4.7802863 1.8132355 0.0022541
R v 0 1 7 7 RvO177 4.4167767 1.7908397 0.0099068
R v 0 1 7 8 Rv0178 3.6145873 1.1086985 0.00155836
R v 0 2 2 0 lipC 2.805477 0.7610875 0.00131913
R v 0 2 2 7 c Rv0227c 4.119798 1.2059731 0.00140181
R v 0 2 4 1 c Rv0241c 4.156227 0.9956732 1.01E-04
R v 0 2 4 2 c fabG4 3.7914128 1.50576 0.00754137
R v 0 2 4 3 fadA2 4.6648293 1.4751788 4.26E-04
R v 0 2 4 8 c Rv0248c 2.440197 0.6287031 0.00264898
R v 0 4 3 0 Rv0430 3.2667947 0.8740414 0.0016072
R v 0 6 4 2 c mmaA4 2.0665317 0.3415669 0.00707704
R v 0 6 5 3 c Rv0653c 4.7140226 1.7993121 0.00712207
R v 0 6 6 9 c Rv0669c 3.052675 0.88066447 0.00288242
R v 0 6 8 5 tuf 3.8868253 1.396756 0.00253897
R v 0 7 0 0 rpsJ/nusE 3.8135839 0.97035366 1.52E-04
R v 0 7 0 1 rplC 5.509527 2.0275702 0.00102627
R v 0 7 0 2 rplD 7.130527 2.8076193 5.45E-04
R v 0 7 0 3 rplW 4.8108907 1.4473467 5.32E-04
R v 0 7 0 4 rplB 8.701781 3.659242 6.76E-04
R v 0 7 0 5 rpsS 3.9519258 1.1985251 9.36E-04
R v 0 7 0 6 rplV 7.4007297 2.2569637 7.89E-05
R v 0 7 0 7 rpsC 5.606592 1.9698079 5.45E-04
R v 0 7 0 8 rplP 5.2935557 1.9741591 0.0014125
R v 0 7 0 9 rpmC 2.520465 0.67169315 0.00416827
R v 0 7 1 3 Rv0713 2.8639092 0.9039242 0.00688885
R v 0 7 1 5 rplX 3.423097 0.8565318 3.03E-04
R v 0 7 1 6 rplE 3.8351822 1.3527876 0.00563371
R v 0 7 1 9 rplF 4.320819 1.219793 2.30E-04
R v 0 7 2 1 rpsE 3.841112 1.4106171 0.00811493
R v 0 7 2 3 rplO 4.419017 1.8589674 0.00443513
R v 0 7 3 2 secY 4.509083 1.4369028 6.60E-04
R v 0 7 3 3 adk 4.3742332 1.6051104 0.0089666
R v 0 7 6 0 c Rv0760c 4.013471 1.5792872 0.00884049
R v 0 7 8 3 c Rv0783c 2.4230528 0.6474761 0.00562855
R v 0 9 3 0 pstAl 2.5636213 0.70663315 0.0063706
R v 0951 sucC 5.174177 1.91262 0.00176855
R v l0 0 6 Rvl006 3.746214 1.0728424 0.00161555
R v l0 7 1 c echA9 3.4676256 1.019937 0.00219881
R v l0 7 8 pra 5.047287 1.992318 0.00228566
R v l1 1 1 c Rvl111c 4.4285026 1.7251645 0.00661133
R v l1 3 3 c metE 5.260044 1.9902626 9.96E-04
R v l1 5 7 c Rvl157c 3.9832106 1.4085549 0.0061814
R v l1 5 8 c Rvl158c 3.640809 1.1851064 0.00238555
R v l2 3 3 c Rvl233c 2.9626024 0.82744145 0.00264538
R v l 24 0 mdh 2.3180377 0.40835193 0.00204219
R v l3 0 3 R vl303 4.490362 1.8274933 0.00722008
R v l3 0 7 atpH 8.646518 3.6378453 4.85E-04
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R v l3 0 8 atpA 6.513491 3.2447 0.00585462
R v l3 1 0 atpD 7.384034 2.680123 3.61E-04
R v l3 1 1 atpC 3.9946754 0.93516195 6.22E-05
R v l3 8 3 carA 2.2745533 0.3282217 0.00126606
R v l3 8 8 mIHF 3.3694992 1.2536973 0.00672932
R v l3 9 8 c Rvl398c 2.499812 0.611908 0.00139147
R v l4 3 6 gap 4.066845 0.883879 4.71E-05
R v l 4 8 3 fabGl 2.8039777 0.748908 0.00211339
R v l5 0 8 c Rvl508c 3.046105 0.9360123 0.00311967
R v l5 8 9 bioB 4.9166107 2.1934125 0.00760445
R v l 611 trpC 4.740077 1.5560622 0.0012008
R v l6 1 3 trpA 7.0218835 2.6074858 0.00156824
R v l6 1 8 tesBl 2.2818203 0.54369605 0.00382126
R v l6 2 6 Rvl626 2.8467197 0.62147737 2.38E-04
R v l6 3 0 rpsA 4.070624 1.1258575 2.91E-04
R v l6 4 1 infC 2.6192446 0.6425113 9.37E-04
R v l6 4 3 rpIT 2.2732651 0.53418237 0.00523944
R v l6 4 4 tsnR 2.5597305 0.75409067 0.00922509
R v l7 5 1 R vl751 6.6586585 1.8222449 1.44E-04
R v l7 7 1 Rvl771 2.7706344 0.72352 0.00183797
R v l8 1 5 Rvl815 4.2137756 1.1422272 3.67E-04
R v l 8 2 6 gcvH 2.683917 0.66426194 0.00165065
R v l8 6 0 modD 2.8484666 0.81682587 0.00531769
R v l8 8 3 c Rvl883c 3.0309637 0.6265418 5.68E-04
R v l8 8 4 c Rvl884c 2.7188725 0.4153651 0.00724417
R v l9 0 1 cinA 3.130663 0.31357288 6.64E-05
R v l9 8 0 c mpt64 2.8513095 0.8984178 0.00590648
R v 2 1 4 7 c Rv2147c 7.2510943 2.1308913 1.02E-04
R v 2 1 5 5 c murD 2.4460952 0.6313472 0.00369712
R v 2 1 6 6 c Rv2166c 2.1942878 0.570199 0.00795867
R v 2 1 9 6 qcrB 4.005207 1.2560534 0.00137269
R v 2 2 3 8 c ahpE 2.6953073 0.86649495 0.0094373
R v 2 2 7 1 Rv2271 3.117857 0.63599735 3.05E-04
R v 2 4 6 3 lipP 2.2515645 0.49024317 0.00392588
R v 2 4 6 8 c Rv2468c 2.8848531 0.9213053 0.00730699
R v 2 5 0 9 Rv2509 2.7612083 0.8355485 0.00749648
R v 2 6 0 3 c Rv2603c 4.009192 1.3267015 0.00296531
R v 2 7 1 5 Rv2715 2.7778912 0.74981624 0.00229511
R v 2 7 6 4 c thyA 2.70948 0.7198367 0.00242151
R v 2 7 7 3 c dapB 2.5548654 0.5994638 8.46E-04
R v 2 7 7 8 c Rv2778c 2.5259614 0.6931141 0.00375891
R v 2 7 8 2 c pepR 6.553033 3.10627 0.00638956
R v 2 7 8 3 c gpsl 3.823842 1.5702147 0.00927756
R v 2 8 1 7 c Rv2817c 8.197898 3.8408396 0.00529847
R v 2 8 5 7 c Rv2857c 3.1673944 0.7733202 8.56E-04
R v 2 8 5 8 c aldC 2.0701141 0.36867738 0.00645272
R v 2 8 8 9 c tsf 2.8769774 1.0267164 0.00936167
R v 2 9 2 7 c Rv2927c 2.8287592 0.64137465 0.0024306
R v 2 9 4 9 c Rv2949c 3.0922174 0.91632485 0.00417388
R v 2 9 5 0 c fadD29 2.4374468 0.470972 0.00245211
R v 3 0 0 5 c Rv3005c 3.0835762 0.9134065 0.00312331
R v 3 0 7 7 atsF 2.6659544 0.6324875 0.0059975
R v 3 1 4 6 nuoB 3.0335724 0.70358646 2.42E-04
R v 3 1 4 8 nuoD 4.015938 1.2450192 6.94E-04
R v 3 1 5 3 nuol 3.3007329 0.77572817 0.00226309
R v 3 1 5 5 nuoK 3.2447095 1.0132449 0.00326689
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R v 3 1 5 6 nuoL 4.188509 1.4380652 0.0035794
R v 3 2 0 9 Rv3209 4.2428117 0.8248554 5.23E-06
R v 3 2 2 4 Rv3224 3.9914699 1.2581161 0.00107606
R v 3 2 2 9 c desA3 6.985196 2.1677315 1.82E-04
R v 3 2 3 2 c pvdS 2.3165672 0.6162317 0.00913542
R v 3 2 3 4 c Rv3234c 2.5401313 0.5405307 0.00336084
R v 3 3 9 0 lpqD 2.0091205 0.41987172 0.00751598
R v 3 4 4 3 c rplM 4.401842 1.3342286 4.07E-04
R v 3 4 7 7 PE 2.7950275 0.8464935 0.00372947
R v 3 4 7 8 PPE 3.6409392 1.295169 0.00211159
R v 3 4 7 9 Rv3479 3.8901803 1.1206647 0.00113976
R v 3 5 8 7 c Rv3587c 5.523112 1.6836815 5.53E-04
R v 3 5 8 9 mutY 2.5675423 0.32279125 0.00169054
R v 3 7 1 6 c Rv3716c 3.5208335 1.2122195 0.00803583
R v 3 8 0 4 c fbpA 3.001267 1.0831553 0.00965991
R v 3 8 0 9 c gif 2.937126 0.50841147 2.53E-04
R v 3 8 3 5 Rv3835 2.7308364 0.6481517 8.99E-04
R v 3 8 4 6 sodA 3.1978629 0.95158046 0.001945
R v 3 9 0 8 Rv3908 2.9388552 0.91955626 0.00375825
R v 3 9 1 8 c parB 2.5592449 0.4792929 7.67E-04
R v 3 9 2 3 c mpA 2.5584412 0.7784777 0.00742035
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.1.b.i Genes differentially expressed in stationary phase of H37Rv unstressed
compared to H37Rv stressed in response to oxidative stress
R v  n u m b e r G e n e  n a m e L o g  ra tio  in  e x p re ss io n S td E r r P -v a lu e
R v 0 0 7 7 c Rv0077c 3.1328561 0.5580217 0.00863865
R v 0 1 4 0 Rv0140 6.847874 0.4747928 0.00129619
R v 0 1 4 1 c Rv0141c 3.6559086 0.5735547 0.00382844
R v 0 1 8 2 c sigG 3.686667 0.65441364 0.00631071
R v 0 1 8 5 Rv0185 4.769748 0.47485885 0.00403624
R v 0 1 8 6 bglS 3.8355045 0.47759962 0.00847118
R v 0 1 8 8 Rv0188 4.6810226 0.47188956 0.00423847
R v 0211 pckA 5.528798 0.47273147 0.00249095
R v 0 2 5 1 c hsp 15.383869 0.47198072 1.26E-04
R v 0 3 0 6 Rv0306 3.7540267 0.4795517 0.00919698
R v 0 3 5 0 dnaK 4.382612 0.47294775 0.0052913
R v 0351 grpE 4.116877 0.6511865 0.00366828
R v 0 4 1 0 c pknG 4.202836 0.71477556 0.00647954
R v 0 4 1 1 c glnH 4.5470653 0.47330865 0.00469066
R v 0 4 1 2 c Rv0412c 4.3993154 0.47251964 0.00521541
R v 0 4 6 7 icl 16.086107 1.1893461 0.00462557
R v 0 6 0 5 Rv0605 7.342492 0.48117104 0.0010787
R v 0 6 0 6 Rv0606 7.513599 0.9931473 0.00935235
R v 0 6 0 7 Rv0607 3.9656558 0.4794054 0.00761209
R v 0 9 2 2 Rv0922 3.6189368 0.5494816 0.00417033
R v 0 9 9 1 c Rv0991c 4.0499196 0.47223178 0.00687815
R v l 0 5 0 R vl050 4.4372206 0.47585988 0.0051403
R v l2 2 1 sigE 4.713827 0.47243416 0.00415222
R v l 2 7 7 R vl277 3.6239483 0.6460589 0.00626384
R v l 2 7 8 R vl278 3.7347934 0.4726871 0.00909969
R v l3 4 3 c Rvl343c 4.3574343 0.4733361 0.00540257
R v l 4 6 0 R vl460 9.621278 0.9188589 0.00334086
R v l4 6 3 R vl463 9.3164215 0.47260612 5.16E-04
R v l 4 6 4 Rvl464 8.138949 0.47184628 7.64E-04
R v l4 6 6 R vl466 4.2025943 0.4727425 0.00608288
R v l7 7 2 R vl772 6.2332344 0.9184824 0.0097262
R v l7 7 3 c Rvl773c 4.506435 0.47316918 0.00482888
R v l8 0 9 PPE 3.8713548 0.47241205 0.00802929
R v l9 0 7 c Rvl907c 10.201468 0.64612216 7.64E-05
R v l9 5 4 c Rvl954c 4.781765 0.5299411 0.00121357
R v l 9 5 5 Rvl955 3.757843 0.55678153 0.00362472
R v l9 9 2 c ctpG 3.8441257 0.47858393 0.00844021
R v l9 9 4 c Rvl994c 3.7968793 0.4808907 0.00889176
R v 2 0 1 4 Rv2014 7.715575 0.47726297 9.15E-04
R v 2 0 1 5 c Rv2015c 6.3239155 0.7344317 0.00184593
R v 2 3 0 8 Rv2308 3.7627103 0.48269835 0.00924216
R v 2 4 2 8 ahpC 4.069317 0.4782239 0.0069386
R v 2 6 1 6 Rv2616 19.226091 1.216589 0.00370697
R v 2 6 1 7 c Rv2617c 20.174425 1.4730833 0.00682086
R v 2 7 0 6 c Rv2706c 4.747051 0.6741167 0.00253415
R v 2 7 1 9 c Rv2719c 6.9297643 0.47218454 0.00123665
R v 2 7 3 5 c Rv2735c 3.7657957 0.5627944 0.00329871
R v 2 7 3 6 c recX 4.0531926 0.473638 0.0068998
R v 2 7 3 7 c recA 5.7372723 0.87100977 0.00906815
R v 2 7 8 0 aid 10.57024 0.47260943 3.59E-04
R v 2 7 8 1 c Rv2781c 3.8129866 0.5652579 0.00307698
R v 2 7 8 9 c fadE21 3.7945938 0.5999598 0.00351602
R v 2 7 9 0 c ltpl 4.0793247 0.48263642 0.00700732
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R v 2 7 9 1 c Rv2791c 4.6366386 0.47218978 0.00437847
R v 2 8 1 8 c Rv2818c 3.966095 0.6720857 0.00541121
R v 2 8 1 9 c Rv2819c 3.7187293 0.47869754 0.00946995
R v 2 8 2 1 c Rv2821c 3.6912255 0.4768225 0.00964265
R v 2 8 2 3 c Rv2823c 3.9588816 0.4732011 0.00746194
R v 2 8 2 4 c Rv2824c 5.274 0.4744894 0.00291472
R v 2 8 4 6 c efpA 3.8593302 0.59600854 0.00315238
R v 2 8 8 5 c Rv2885c 10.948816 1.1289985 0.00775246
R v 2 9 7 8 c Rv2978c 6.4238596 0.47240123 0.00155947
R v 2 9 7 9 c Rv2979c 5.4309683 0.4790776 0.00270664
R v 2 9 8 8 c leuC 17.496485 1.2763635 0.0053211
R v 2 9 8 9 Rv2989 5.392265 0.4718868 0.00268657
R v 3 1 6 1 c Rv3161c 4.3451467 0.47389555 0.00546645
R v 3 1 9 1 c Rv3191c 5.5462546 0.47378892 0.00247729
R v 3 2 0 1 c Rv3201c 20.839312 1.4351302 0.00586808
R v 3 2 0 2 c Rv3202c 19.067274 1.5101333 0.00799156
R v 3 2 2 6 c Rv3226c 5.687161 0.47250015 0.00227679
R v 3 2 9 0 c lat 4.6847863 0.6771377 0.00279168
R v 3 2 9 6 lhr 6.4404364 0.47413963 0.00155858
R v 3 2 9 7 nei 4.6484246 0.575186 0.00114651
R v 3 3 5 4 Rv3354 3.2038975 0.6038223 0.00855147
R v 3 4 6 3 Rv3463 4.4429774 0.47428393 0.00508466
R v 3 5 S 4 fdxB 4.2756677 0.47924575 0.00589871
R v 3 5 8 5 radA 10.746139 0.4737317 3.44E-04
R v 3 6 4 4 c Rv3644c 3.6786077 0.47477114 0.00967574
R v 3 6 4 5 Rv3645 3.8570995 0.4727353 0.00814275
R v 3 6 7 S Rv3675 3.8021076 0.47210643 0.00853336
R v 3 7 1 0 leuA 4.7413 0.47213238 0.00406895
R v 3 7 1 4 c Rv3714c 4.625764 0.4765553 0.00449376
R v 3 8 2 8 c Rv3828c 4.7290998 0.47481704 0.00414985
R v 3 8 4 0 Rv3840 3.9970124 0.47263494 0.00720485
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.1.b.ii Genes differentially expressed in stationary phase of H37Rv stressed compared
to H37Rv unstressed in response to oxidative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in ex p r e ss io n S td E r r  P -v a lu e
R v 0 0 3 5 fadD34 3.2035584 0.63464284 0.00994602
R v 0 0 6 2 celA 3.476408 0.5586633 0.00538183
R v 0 0 8 6 hycQ 6.407959 0.48784873 0.00167557
R vO ISS pntAA 4.172424 0.49150705 0.00673165
R vO I67 yrbElA 4.865036 0.48652688 0.00397186
R v 0 1 6 8 yrbElB 4.411346 0.48900968 0.00534834
R v 0 1 6 9 mcelA 4.4711895 0.48581764 0.00522234
R v 0 1 7 0 mcelB 5.3708806 0.4839569 0.00286104
R v 0171 melC 5.5235887 0.48454446 0.0026243
R v 0 1 7 2 mcelD 5.022857 0.4854848 0.00356709
R v 0 1 7 3 lprK 4.4114547 0.4829182 0.00539597
R v 0 1 7 4 mcelF 3.9450662 0.4820658 0.00783383
R v 0 2 2 7 c Rv0227c 4.904505 0.49565876 0.00288009
R v 0 3 1 5 Rv0315 5.375787 0.5185342 0.00125548
R v 0 3 1 6 Rv0316 4.980266 0.48542872 0.00366557
R v0461 Rv0461 4.7912807 0.4843623 0.00413723
R v 0 5 1 6 c Rv0516c 5.1413417 0.66929924 0.00146548
R v 0 5 2 9 ccsB 3.6173718 0.50206316 0.00955288
R v 0 6 1 3 c Rv0613c 4.37487 0.68182045 0.00315931
R v 0 6 4 3 c mmaA3 3.4314172 0.65627897 0.00757239
R v 0 7 0 0 rpsJ/nusE 4.3760343 0.48261252 0.00553556
R v 0701 rplC 5.53076 0.48243716 0.00259098
R v 0 7 0 2 rplD 4.8912206 0.48379695 0.0038599
R v 0 7 0 3 rplW 4.4643407 0.48475078 0.00522605
R v 0 7 0 4 rplB 5.553351 0.48631763 0.00259902
R v 0 7 0 6 rplV 5.1983123 0.6570057 0.00129323
R v 0 7 0 7 rpsC 4.33727 0.48597154 0.00578102
R v 0 7 0 8 rplP 3.7879205 0.4835624 0.00906314
R v 0 7 0 9 rpmC 3.9904256 0.48995125 0.00777979
R v 0 7 1 0 rpsQ 3.2306304 0.57765424 0.00777418
R v 0 7 1 6 rplE 3.72017 0.48217845 0.00959328
R v 0 7 1 9 rplF 3.889553 0.4830847 0.0082576
R v 0721 rpsE 3.7611783 0.48424518 0.00931378
R v 0 7 3 3 adk 3.953228 0.48421496 0.00784742
R v 0 7 3 4 map' 4.5640903 0.48406032 0.00484459
R v 0 8 8 3 c Rv0883c 7.367194 0.7991527 0.00201068
R v 0 8 9 1 c Rv0891c 3.4495904 0.54352206 0.00662419
R v 0 9 3 5 pstC 5.029312 0.48392966 0.00352976
R v 0 9 3 6 pslA2 4.2728343 0.4881146 0.00613062
R v l0 0 9 R vl009 3.8869653 0.49874517 0.00731414
R v l0 7 8 pra 4.186682 0.4826567 0.00641961
R v l0 9 4 desA2 6.6294785 0.4855656 0.00149602
R v l0 9 5 phoH2 4.249407 0.48684043 0.00621227
R v l0 9 7 c Rvl097c 3.831126 0.48245135 0.00867599
R v l 132 R v l132 3.9133446 0.48620507 0.00819036
R v l1 3 3 c metE 3.7199717 0.48199195 0.00958774
R v l1 5 8 c Rvl158c 4.7833486 0.4848851 0.00416855
R v l2 5 1 c Rvl251c 7.922304 0.49607745 9.14E-04
R v l3 0 7 atpH 3.757604 0.48814705 0.00949353
R v l3 0 9 atpG 3.7161098 0.48196352 0.00962126
R v l4 3 7 Pgk 3.6905334 0.6443447 0.00532217
R v l6 1 1 trpC 5.9918103 0.48289126 0.00202008
R v l6 1 3 trpA 7.080051 0.48527545 0.00122405
R v l6 1 4 Igt 8.188252 0.48334336 7.87E-04
R v l6 9 7 R vl697 10.832049 0.68910044 1.12E-04
R v l7 3 7 c narK2 6.009016 0.5794127 5.38E-04
R v l9 3 2 tpx 4.71188 0.48819584 0.00443802
R v l9 3 3 c fadE18 4.4769964 0.48998633 0.00528887
R v 2 0 3 1 c hspX 9.946409 0.7985909 8.16E-04
R v 2 0 3 3 c Rv2033c 5.711645 0.48900458 0.00240539
R v 2 0 7 4 Rv2074 4.688518 0.48365957 0.00442786
R v 2 1 5 4 c ftsW 4.094206 0.4821673 0.00690817
R v 2 2 1 1 c gcvT 4.0855727 0.48270357 0.00697302
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R v 2 2 7 5 Rv2275 4.7540503 0.49453914 0.00442277
R v 2 2 7 6 Rv2276 3.7112927 0.4895393 0.00996637
R v 2 2 8 9 cdh 4.2288356 0.6859221 0.00415498
R v 2 2 9 0 IppO 4.120077 0.48580137 0.00686388
R v 2 3 6 3 amiA2 4.1185055 0.49693924 0.00718805
R v 2 4 8 5 c lipQ 6.0555506 0.48711434 0.00198903
R v 2 7 8 2 c pepR 4.426323 0.641707 0.00223638
R v 2 8 1 7 c Rv2817c 4.6882043 0.48598552 0.00447124
R v 2 8 9 4 c xerC 5.4560094 0.56518155 5.95E-04
R v 2 9 4 6 c pks I 4.4936414 0.51408863 0.00302899
R v 2 9 4 7 c pks 15 3.660164 0.63357 0.00491969
R v 2 9 4 8 c fadD22 3.9675 0.5203065 0.00446427
R v 2 9 4 9 c Rv2949c 4.101683 0.4848271 0.00694082
R v 2 9 5 2 Rv2952 4.1322966 0.49322498 0.00700267
R v 3 0 2 8 c fixB 3.787325 0.48797473 0.00923201
R v 3 0 2 9 c fixA 3.745154 0.5277178 0.00511659
R v 3 1 3 0 c Rv3130c 7.5743237 0.76426274 0.00111246
R v 3 1 4 5 nuoA 3.788808 0.49057874 0.00931682
R v 3 1 4 7 nuoC 4.954586 0.51077396 0.00297171
R v 3 1 4 8 nuoD 6.2628927 0.7076035 0.00107473
R v 3 1 4 9 nuoE 5.177034 0.81318855 0.00716108
R v 3 1 5 0 nuoF 5.300634 0.4856356 0.00300402
R v3151 nuoG 4.29697 0.4877849 0.00600818
R v 3 1 5 2 nuoH 5.925707 0.48744613 0.00213052
R v 3 1 5 6 nuoL 5.2624407 0.48567364 0.00307454
R v 3 1 5 7 nuoM 4.1295953 0.4832736 0.00674063
R v 3 1 5 8 nuoN 4.2798767 0.48223633 0.00595227
R v 3 2 2 4 Rv3224 3.6914535 0.48219657 0.00985589
R v 3 7 9 4 embA 5.8557 0.48611253 0.00219889
R v 3 8 1 1 csp 4.517839 0.5787208 0.00140495
R v 3 9 2 2 c Rv3922c 3.208966 0.5913537 0.00827105
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.2.a.i Genes differentially expressed in exponential phase of Beijing 94-1576 unstressed
compared to Beijing 94-1576 stressed in response to oxidative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in ex p re ss io n S td E r r P -v a iu e
R v 0 0 0 9 PPiA 11.764152 3.2916548 9.29E-05
RvOOlOc RvOOlOc 7.676364 1.3581556 5.49E-04
R v 0 0 5 8 dnaB 2.6885421 0.30572808 5.33E-05
R v 0 0 5 9 Rv0059 2.9079514 0.33051583 3.23E-05
R v0061 Rv0061 2.2855926 0.3779283 3.78E-04
R v 0 0 6 2 celA 6.013317 1.5957655 2.90E-04
R v 0 1 2 9 c fbpC2 2.5816755 0.3734424 9.63E-05
R v 0 1 5 6 pntAB 2.6237528 0.4043339 4.20E-04
R v 01S 7 pntB 3.216814 0.40250024 8.55E-05
R v 0 1 6 4 Rv0164 3.133554 0.34656313 8.46E-06
R v 0 1 6 5 c Rv0165c 4.2883816 0.6366608 4.18E-06
R v 0 1 6 7 RvO167 2.8147354 0.5441437 1.31E-04
R v 0 1 6 8 Rv0168 5.255836 1.3285686 5.09E-04
R v 0 1 6 9 mcel 4.5396276 0.58667845 5.73E-08
R v O I7 l Rv0171 2.7122445 0.3372655 8.94E-05
R v 0 1 7 2 RvO172 2.496524 0.34258077 2.86E-04
R v 0 1 7 3 IprK 2.8742952 0.46645367 2.33E-05
R v 0 1 7 4 RvO174 3.0256274 0.44886124 5.52E-06
R v 0 1 7 5 RvO175 2.3975236 0.33056295 3.88E-04
R v 0 1 7 7 RvO177 2.6897602 0.36647663 1.68E-04
R v 0 1 7 8 RvO178 2.5202546 0.35001162 5.56E-04
R v 0 2 2 0 lipC 2.6867254 0.36327824 1.60E-05
R v 0 2 4 3 fadA2 2.472221 0.3243094 2.31E-04
R v 0 2 4 8 c Rv0248c 3.0391319 0.3986163 1.47E-06
R v 0 3 1 6 Rv0316 3.6936007 0.38942903 1.48E-07
R v 0 3 3 8 c Rv0338c 2.8852544 0.32750538 3.36E-05
R v 0 4 3 0 Rv0430 6.704983 0.8832159 1.19E-06
R v 0 4 3 1 Rv0431 3.8083181 0.41695356 1.92E-08
R v 0 4 3 2 sodC 2.5841486 0.30921632 9.61 E-05
R v 0 4 5 5 c Rv0455c 2.3161716 0.31394717 4.47E-04
R v 0 4 6 2 Rv0462 4.1328096 0.6342183 3.12E-06
R v 0 4 6 6 Rv0466 2.8459144 0.36650285 4.40E-06
R v 0 4 9 6 Rv0496 2.346758 0.31424168 3.78E-04
R v 0 5 1 6 c Rv0516c 2.3296144 0.36223674 5.75E-04
R v 0 5 2 4 hemL 3.1977456 0.3347257 1.07E-05
R v 0 5 2 5 Rv0525 2.3741922 0.32540828 7.40E-04
R v 0 5 2 8 Rv0528 2.786097 0.3464255 1.73E-04
R v 0 5 4 5 c pitA 4.7271047 1.2452325 5.74E-04
R v 0 5 S 4 bpoC 2.4965363 0.33941787 2.70E-04
R v 0 5 8 3 c lpqN 2.3855424 0.33231032 7.83E-04
R v 0 6 1 3 c Rv0613c 4.0488033 1.020404 7.74E-04
R v 0 6 3 5 Rv0635 4.8727145 0.45753136 3.54E-10
R v 0 6 3 6 Rv0636 3.4123266 0.41393685 1.73E-07
R v 0 6 3 7 Rv0637 3.0353942 0.46522576 3.71 E-05
R v 0 6 4 2 c mmaA4 2.5899286 0.340096 3.51E-04
R v 0 6 4 6 c lipG 2.7754118 0.48135364 1.05E-04
R v 0 6 5 3 c Rv0653c 2.2859426 0.34253648 8.90E-04
R v 0 6 5 5 Rv0655 5.5504293 0.72855115 3.94E-07
R v 0 6 8 2 rpsL 2.9264808 0.318573 1.01 E-05
R v 0 6 8 3 rpsG 2.9471734 0.50459707 3.59E-05
R v 0 6 8 4 fusA 2.9503958 0.3607263 2.37E-06
R v 0 6 8 5 tuf 2.8342345 0.44322532 1.56E-05
R v 0 7 0 0 rpsJ/nusE 5.7550316 0.5538849 1.96E-09
R v 0701 rplC 6.6197133 0.8550235 5.72E-07
R v 0 7 0 2 rplD 6.254919 0.8806906 1.18E-06
R v 0 7 0 3 rplW 4.9310184 0.41995007 1.18E-10
R v 0 7 0 4 rplB 4.893076 0.60673344 7.08E-08
R v 0 7 0 6 rplV 5.2468967 0.8032855 1.68E-06
R v 0 7 0 7 rpsC 4.9025536 0.86931795 1.16E-05
R v 0 7 0 8 rplP 4.249332 0.7494022 1.21 E-05
R v 0 7 1 3 Rv0713 2.9780567 0.30789742 1.50E-05
R v 0 7 1 4 rplN 3.8897405 0.30993545 5.86E-07
R v 0 7 1 5 rplX 3.4545002 0.36065847 2.41E-06
R v 0 7 1 6 rplE 3.6069229 0.6735381 5.57E-05
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R v 0 7 1 9 rplF 3.700239 0.39870745 2.43E-08
R v 0 7 2 1 rpsE 2.527919 0.47053748 5.67E-04
R v 0 7 2 3 rplO 3.052701 0.4390624 3.29E-06
R v 0 7 3 2 secY 2.6002738 0.316961 8.85E-05
R v 0 7 3 3 adk 3.331976 0.37063614 4.12E-07
R v 0 7 3 4 map' 2.9196537 0.3678696 3.99E-06
R v 0 7 6 0 c Rv0760c 3.9753253 0.8595802 1.55E-04
R v 0 7 6 1 c adhB 4.3564444 0.5821401 4.47E-07
R v 0 7 7 3 c ggtA 2.6265893 0.37199467 2.49E-04
R v 0 7 7 4 c Rv0774c 2.462002 0.31194526 1.92E-04
R v 0 7 9 8 c Rv0798c 2.2191203 0.30811262 7.05E-04
R v 0 8 2 4 c desAl 3.6531029 0.6912552 3.01 E-05
R v 0 8 3 1 c Rv0831c 2.426668 0.33973432 1.88E-04
R v0871 cspB 2.6353264 0.4166347 3.79E-05
R v 0 8 8 3 c Rv0883c 6.5248485 0.7147533 3.87E-08
R v 0 8 9 0 c Rv0890c 3.069677 0.40005222 2.55E-05
R v 0 8 9 6 gltA2 3.1417632 0.3486158 1.52E-06
R v 0 9 2 5 c Rv0925c 3.1148694 0.49403134 8.41E-06
R v 0 9 3 2 c pstS 2.6328406 0.35446534 3.66E-04
R v 0 9 3 4 phoSl 3.1683407 0.582656 5.38E-05
R v 0 9 5 0 c Rv0950c 3.297167 0.3496079 4.90E-06
R v 0951 sucC 5.142443 0.78415763 9.68E-06
R v 0 9 5 2 sucD 4.854235 0.6797066 1.08E-06
R v 0 9 5 6 purN 2.606114 0.4965171 6.91E-04
R v 0 9 5 7 purH 2.8125672 0.31594315 3.68E-05
R v 0 9 8 0 c PE PGRS 2.262299 0.33785006 9.39E-04
R v 0 9 9 3 galU 2.7109435 0.31272385 5.54E-05
R v 0 9 9 6 Rv0996 2.74558 0.31473973 4.90E-05
R v 0 9 9 9 Rv0999 2.6242206 0.47620052 2.52E-04
R v l0 0 6 Rvl006 3.2505665 0.31567803 5.89E-06
R v l0 0 9 R vl009 2.5895984 0.45722127 1.24E-04
R v lO IS c rplY 2.348356 0.34313455 6.35E-04
R v l0 1 7 c prsA 2.676248 0.32437578 8.28E-05
R v l0 7 0 c echA8 2.3110523 0.30838525 4.13E-04
R v l0 7 8 pra 6.5198054 1.3880024 5.90E-05
R v l0 7 9 metB 2.6916194 0.30658105 5.34E-05
R v l0 9 2 c coaA 4.4243245 1.0879192 2.72E-04
R v l0 9 5 phoH2 4.7383766 0.5630542 5.34E-08
R v l0 9 7 c Rvl097c 4.744801 0.31428307 6.40E-08
R v l0 9 8 c fum 2.917458 0.45042458 1.03E-05
R v l0 9 9 c Rvl099c 3.2231727 0.5217507 1.03E-05
R v l l l l c Rv l l l l c 4.2105045 0.34876224 2.12E-08
R v l1 3 3 c metE 4.3322897 0.70984614 7.64E-06
R v l1 5 7 c Rvl157c 4.1650715 1.0120105 2.16E-04
R v l1 5 8 c Rvl158c 3.3605378 0.5510341 6.23E-06
R v l1 7 2 c PE 2.6708958 0.4335891 4.84E-04
R v l l 7 7 fdxC 3.4047198 0.340991 2.86E-06
R v l 196 PPE 2.4281309 0.34123418 3.99E-04
R v l2 2 0 c Rvl220c 2.7152495 0.34738687 2.33E-04
R v l2 3 3 c Rvl233c 2.9073832 0.39576134 4.85E-05
R v l2 6 4 Rvl264 2.5515854 0.34748197 4.66E-04
R v l2 8 3 c oppB 2.4899833 0.4017412 2.38E-04
R v l3 0 3 R vl303 5.035592 0.7457878 2.35E-06
R v l3 0 4 atpB 4.577629 0.48524788 6.08E-09
R v l3 0 5 atpE 3.4236732 0.4055252 1.42E-07
R v l 3 0 6 atpF 4.3217034 0.4401448 2.69E-09
R v l3 0 7 atpH 5.4676003 0.88475776 7.08E-06
R v l3 0 8 atpA 4.951683 0.63656694 3.09E-07
R v l3 0 9 atpG 4.811904 0.59261245 1.08E-07
R v l3 1 0 atpD 4.6049824 0.5442258 3.79E-08
R v l3 1 1 atpC 5.0662813 0.7030772 7.67E-07
R v l3 1 2 Rvl312 3.469313 0.643581 2.60 E-05
R v l3 2 2 R vl322 3.0171874 0.41949132 5.40E-06
R v l3 2 4 R vl324 3.2307432 0.6461078 1.94E-04
R v l3 2 8 glgP 2.5489345 0.35914156 5.14E-05
R v l 3 6 0 R vl360 3.586941 0.46252263 2.04E-07
R v l3 6 1 c PPE 3.4614108 0.6762701 9.69E-05
R v l3 7 9 pyrR 3.210155 0.34981543 3.93E-05
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R v l3 8 8 mIHF 2.3116481 0.32084632 3.48E-04
R v l3 9 8 c R vl398c 2.263314 0.31096748 5.73E-04
R v l4 0 0 c lipl 2.4387302 0.4922098 6.98E-04
R v l4 2 8 c Rv1428c 3.360649 0.42723718 3.23E-07
R v l4 3 5 c Rvl435c 2.2882178 0.34337234 8.91E-04
R v l4 3 6 gap 3.2343023 0.46203387 1.81E-06
R v l4 7 5 c acn 2.2705076 0.32309255 6.90E-04
R v l4 8 3 fabGl 3.6161056 0.7882565 3.43E-04
R v l5 0 8 c Rvl508c 3.2796462 0.3160968 5.32E-06
R v l5 8 9 bioB 2.4828746 0.3334755 2.60E-04
R v l6 1 1 trpC 5.4085517 0.7707418 1.08E-06
R v l6 1 2 trpB 4.248993 0.73954225 6.33E-06
R v l6 1 3 trpA 5.653859 0.6080233 1.86E-08
R v l6 1 4 Igt 6.09221 0.48000222 1.83E-11
R v l 6 2 6 R vl626 2.6771603 0.43882105 1.00E-04
R v l6 3 0 rpsA 4.308201 0.7470405 1.79E-05
R v l6 5 7 argR 2.540634 0.37251416 7.09E-04
R v l6 5 8 argG 2.7768729 0.33414105 6.23 E-05
R v l6 8 9 tyrS 2.6027966 0.34093088 3.36E-04
R v l 6 9 7 R vl697 7.4731727 1.363123 1.03E-05
R v l7 0 4 c cycA 2.7323558 0.38992876 4.09E-04
R v l 751 Rvl751 5.0539055 1.0187304 3.72E-04
R v l8 1 5 Rvl815 3.266734 0.705836 7.92E-04
R v l8 2 6 gcvH 2.7078967 0.42136374 2.55E-05
R v l8 3 0 R vl830 3.8232467 0.3678904 8.50E-06
R v l8 6 9 c Rvl869c 2.4946706 0.3119402 1.61E-04
R v l8 8 4 c R vl884c 2.6523507 0.4482094 3.09E-04
R v l8 8 7 R v l887 3.199622 0.6108819 2.81E-04
R v l8 9 1 Rvl891 2.4788191 0.31471363 1.85E-04
R v l9 0 1 cinA 3.4190018 0.51478565 1.91E-06
R v l 9 3 2 tpx 4.494443 0.8482588 2.23E-04
R v l9 3 3 c fadE18 2.8339427 0.43719697 4.39E-05
R v l9 7 9 c Rvl979c 2.8826678 0.40036976 1.35E-04
R v l9 8 0 c mpt64 2.8961833 0.31637123 2.55E-05
R v 2 0 6 8 c blaC 3.1342843 0.33803225 4.17E-05
R v 2 0 7 4 Rv2074 5.3850675 0.6889283 3.04E-07
R v 2 1 0 2 Rv2102 3.967028 0.3268111 6.67E-07
R v 2 1 4 7 c Rv2147c 10.514984 1.3358986 4.50E-07
R v 2 1 5 0 c ftsZ 3.6745138 0.8856148 2.63E-04
R v 2 1 5 4 c ftsW 3.9370234 0.64538306 4.24E-06
R v 2 1 5 5 c murD 2.8406897 0.3528132 1.54E-04
R v 2 1 5 6 c murX 2.9961755 0.4757532 1.1 IE-05
R v 2 1 8 4 c Rv2184c 2.3112643 0.30943558 4.21E-04
R v 2 1 9 3 ctaE 3.9579737 0.63899463 6.76E-06
R v 2 1 9 4 qcrC 3.1397736 0.59650993 1.00E-04
R v 2 1 9 6 qcrB 2.8094509 0.52407354 1.30E-04
R v 2 1 9 9 c Rv2199c 2.9835534 0.59272444 2.02E-04
R v 2 2 1 1 c gcvT 2.9403515 0.58620685 1.22E-04
R v 2 2 1 3 pepB 2.5885499 0.3252793 6.57E-05
R v 2 2 1 6 Rv2216 2.5594661 0.542974 7.04E-04
R v 2 2 3 8 c ahpE 3.4758453 0.37188882 8.95E-08
R v 2 2 3 9 c Rv2239c 3.0675137 0.39645252 4.49E-06
R v 2 2 4 0 c Rv2240c 3.4959433 0.36616024 8.69E-08
R v 2 2 5 8 c Rv2258c 2.5599008 0.4038596 5.30E-05
R v 2 2 7 1 Rv2271 4.0471077 0.52437836 9.08E-08
R v 2 2 7 5 Rv2275 7.3100905 0.7659237 1.62E-08
R v 2 2 7 6 Rv2276 9.016615 2.504824 1.57E-04
R v 2 2 8 0 Rv2280 2.5069635 0.5175778 7.25E-04
R v 2 2 8 9 cdh 2.5508065 0.35982966 1.09E-04
R v 2 2 9 0 IppO 3.6576025 0.37716234 3.09E-08
R v 2 2 9 9 c htpG 2.5315015 0.32235396 1.64E-04
R v 2 3 3 4 cysK 3.2440267 0.3159533 6.07E-06
R v 2 4 1 2 rpsT 2.6381574 0.3260162 1.03E-04
R v 2 4 6 2 c tig 3.1820955 0.43888697 1.34E-06
R v 2 4 6 8 c Rv2468c 2.8510063 0.5040672 6.53E-05
R v 2 4 8 5 c lipQ 3.128528 0.41778567 3.62E-04
R v 2 5 0 9 Rv2509 2.6012158 0.3091401 8.80E-05
R v 2 5 6 3 Rv2563 2.6059663 0.34502965 3.54E-04
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R v 2 5 8 2 ppiB 4.320108 1.124189 8.31E-04
R v 2 6 1 4 c thrS 2.1892629 0.30799484 8.42E-04
R v 2 6 7 3 Rv2673 2.2160547 0.33805537 9.89E-04
R v 2 7 1 6 Rv2716 2.711853 0.3156864 5.86E-05
R v 2 7 6 4 c thyA 3.2170208 0.45499447 5.42E-06
R v 2 7 7 5 Rv2775 2.3120234 0.31267965 4.46E-04
R v 2 7 7 8 c Rv2778c 3.2391458 0.3131616 3.65E-06
R v 2 7 8 2 c pepR 3.3921466 0.7613359 9.14E-04
R v 2 7 8 3 c gpsl 3.4943717 0.34148207 2.28E-07
R v 2 8 5 7 c Rv2857c 2.914754 0.4077133 5.63E-05
R v 2 8 8 1 c cdsA 2.5111148 0.36078513 7.10E-05
R v 2 8 8 2 c frr 2.6871166 0.346857 1.20E-04
R v 2 8 8 3 c pyrH 4.2857533 0.9472882 1.94E-04
R v 2 8 8 9 c tsf 2.686094 0.4934279 1.40E-04
R v 2 8 9 0 c rpsB 3.1488304 0.37053972 6.04E-07
R v 2 8 9 4 c xerC 2.709288 0.40343696 5.14E-05
R v 2 9 0 4 c rplS 2.670579 0.35264826 1.61E-04
R v 2 9 0 9 c rpsP 3.2089775 0.32348904 8.14E-06
R v 2 9 2 7 c Rv2927c 3.272232 0.3305764 7.39E-06
R v 2 9 4 5 c IppX 2.5068557 0.42134735 1.80E-04
R v 2 9 4 6 c pksl 2.8520167 0.5703512 2.79E-04
R v 2 9 4 9 c Rv2949c 2.9121118 0.53153306 6.18E-04
R v 2 9 5 0 c fadD29 2.58184 0.3388654 1.73E-04
R v 2 9 5 1 c Rv2951c 3.224393 0.47496542 2.76E-06
R v 2 9 5 2 Rv2952 2.685206 0.39051637 4.99E-04
R v 2 9 5 3 Rv2953 2.9518719 0.55060285 1.25E-04
R v 2 9 5 4 c Rv2954c 3.6131058 0.72715265 1.16E-04
R v 2 9 5 5 c Rv2955c 2.4268296 0.49688533 8.25E-04
R v 2 9 5 7 Rv2957 2.2103496 0.3172039 8.81E-04
R v 2 9 5 9 c Rv2959c 2.3046308 0.3537439 9.67E-04
R v 2 9 9 2 c gits 3.296776 0.75090265 8.36E-04
R v 2 9 9 3 c Rv2993c 2.940081 0.32055157 2.30E-05
R v 3 0 0 3 c ilvB 2.3060794 0.40074316 4.16E-04
R v 3 0 0 5 c Rv3005c 3.5599582 0.46315247 2.96E-07
R v 3 0 1 1 c gatA 2.8619142 0.3142289 2.84E-05
R v 3 0 2 9 c fixA 4.986166 0.5877124 7.29E-08
R v 3 0 4 3 c ctaD 2.380116 0.3742188 1.74E-04
R v 3 0 9 9 c Rv3099c 2.2083693 0.32246184 9.81E-04
R v 3 1 3 1 Rv3131 5.4191265 0.41274732 2.00E-04
R v 3 1 4 5 nuoA 4.3237605 0.6783797 1.49E-06
R v 3 1 4 6 nuoB 3.5965273 0.51248264 8.66E-07
R v 3 1 4 7 nuoC 2.8829405 0.52438974 6.09E-05
R v 3 1 4 8 nuoD 4.1076446 0.5768826 3.67E-07
R v 3 1 4 9 nuoE 4.239995 0.5705533 2.08E-07
R v 3 1 5 0 nuoF 5.075661 0.8653263 9.68E-06
R v 3 1 5 1 nuoG 3.2887714 0.5194753 5.11E-06
R v 3 1 5 2 nuoH 3.5510926 0.44241285 1.82E-07
R v 3 1 5 3 nuol 2.8694563 0.57118046 1.78E-04
R v 3 1 5 4 nuoJ 2.8117268 0.4627718 3.18E-05
R v 3 1 5 6 nuoL 2.7305489 0.45210394 4.36E-05
R v 3 1 5 7 nuoM 2.3804357 0.41722867 5.98E-04
R v 3 2 0 9 Rv3209 3.922737 0.8259055 6.40E-05
R v 3 2 1 3 c Rv3213c 2.734111 0.49225596 9.65E-05
R v 3 2 2 4 Rv3224 3.4363387 0.4026369 1.09E-07
R v 3 2 3 4 c Rv3234c 3.1754081 0.6142054 1.09E-04
R v 3 2 6 7 Rv3267 2.2397463 0.3128434 6.82E-04
R v 3 2 7 4 c fadE25 2.5311778 0.37436572 4.89E-05
R v 3 2 8 1 Rv3281 2.6916902 0.3132277 6.14E-05
R v 3 3 3 6 c trpS 2.9417868 0.33663258 8.09E-05
R v 3 3 7 3 echA18 2.2779944 0.31714544 5.91E-04
R v 3 4 2 7 c Rv3427c 2.3953698 0.31265253 2.79E-04
R v 3 4 4 2 c rpsl 3.7538695 0.5226946 7.89E-07
R v 3 4 4 3 c rplM 3.8996277 0.3126564 6.04E-07
R v 3 4 7 7 PE 3.8618264 0.612622 5.02E-06
R v 3 4 7 8 PPE 3.5606203 0.7350883 4.57E-04
R v 3 4 7 9 Rv3479 3.2144291 0.38337702 4.33E-07
R v 3 4 9 8 c mce4B 2.4803371 0.40172824 1.13E-04
R v 3 5 2 4 Rv3524 3.7907116 0.45318958 5.10E-08
R v 3 5 2 8 c Rv3528c 2.3544972 0.36110827 8.36E-04
R v 3 5 7 5 c Rv3575c 2.66019 0.48958462 3.97E-04
R v 3 5 8 7 c Rv3587c 3.151595 0.3082247 7.38E-06
R v 3 6 1 6 c Rv3616c 2.5048294 0.43459213 1.48E-04
R v 3 6 2 4 c hpt 3.1452827 0.3348893 1.32E-05
R v 3 6 7 1 c Rv3671c 2.5879135 0.35288972 4.32E-04
R v 3 6 8 0 Rv3680 2.3953633 0.38142675 1.47E-04
R v 3 7 1 6 c Rv3716c 2.4307415 0.38512272 1.16E-04
R v 3 7 1 7 Rv3717 2.7427437 0.47812235 6.61 E-05
R v 3 7 2 7 Rv3727 2.5237596 0.31694794 1.53E-04
R v 3 7 4 7 Rv3747 3.159824 0.41807458 1.49E-05
R v 3 7 6 3 lpqH 2.5961158 0.49540365 2.63E-04
R v 3 7 7 4 echA21 3.8735726 0.30613175 5.66E-07
R v 3 7 9 5 embB 5.2912087 0.53506637 7.10E-09
R v 3 8 0 4 c fbpA 2.3840513 0.44194007 6.85E-04
R v 3 8 0 9 c gif 2.466147 0.32860106 2.59E-04
R v 3 8 1 1 csp 4.026599 0.4126835 5.60E-09
R v 3 8 4 6 sodA 3.027294 0.3264888 1.79E-05
R v 3 8 6 4 Rv3864 2.908183 0.51374596 5.72E-05
R v 3 8 7 3 PPE 3.6013079 0.51244736 1.30E-06
R v 3 8 7 4 esxB 3.2695367 0.3906857 2.49E-07
R v 3 8 7 5 esxA 2.939323 0.5860091 2.17E-04
R v 3 9 2 0 c Rv3920c 2.8117626 0.388562 2.95E-04
R v 3 9 2 1 c Rv3921c 3.6966765 0.3148146 1.20E-06
R v 3 9 2 2 c Rv3922c 4.376527 0.53653187 6.66E-08
The Rv numbers and gene names are based on the H37Rv genome (Cole et a l, 1998).
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Table 4.2.2.a.ii Genes differentially expressed in exponential phase of Beijing 94-1576 stressed
compared to Beijing 94-1576 unstressed in response to oxidative stress
R v  n u m b e r  G e n e  n a m e L o g  r a tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 8 0 Rv0080 3.3454108 0.5995094 2.76E-05
R v 0 0 8 3 Rv0083 2.6247108 0.47762182 2.72E-04
R v 0 0 8 4 hycD 2.5795226 0.5047268 9.27E-04
R v 0 0 9 4 c Rv0094c 3.5743995 0.4089845 5.48E-08
R v 0 1 3 2 c RvO132c 3.5734413 0.4236958 1.21E-04
R v 0 1 4 0 RvO140 64.7937 14.653735 8.52E-06
RvO 146 RvO146 2.550308 0.39117023 3.93E-04
R v 0 1 8 1 c Rv0181c 2.3927069 0.28585315 1.62E-04
RvO184 RvO184 2.658215 0.3613162 1.81 E-05
R v 0 1 8 5 RvO185 2.4756591 0.31538025 1.91E-04
RvO 188 RvO188 3.3101928 0.44154704 2.33E-06
R v 0 1 9 0 RvO190 2.7901673 0.52945024 9.80E-04
R v 0 2 5 0 c Rv0250c 4.037474 0.8109976 1.02E-04
R v 0 2 5 1 c hsp 36.13748 4.5887494 1.16E-07
R v 0 2 S 8 c Rv0258c 2.8437998 0.44988623 3.86E-05
R v 0 3 2 4 Rv0324 8.597188 1.5577492 2.14E-04
R v 0 3 2 6 Rv0326 4.850318 0.88304204 5.46E-04
R v 0 3 3 1 Rv0331 24.902922 10.823287 3.07E-04
R v 0 3 3 2 Rv0332 15.79024 4.9934516 1.17E-04
R v 0 3 4 9 Rv0349 2.298259 0.38404185 2.95E-04
R v 0 3 5 0 dnaK 3.6782491 0.43902984 8.48E-08
R v 0 3 5 1 grpE 3.8162694 0.5188627 8.83E-07
R v 0 3 8 4 c clpB 5.643409 1.524905 3.79E-04
R v 0 4 1 0 c pknG 2.4147873 0.34124836 7.76E-05
R v 0 4 1 1 c glnH 3.0552604 0.47899708 9.20E-06
R v 0 4 1 2 c Rv0412c 2.4269848 0.3189469 2.66E-04
R v 0 4 6 7 icl 3.010994 0.3322552 5.83E-05
R v 0 5 6 3 htpX 3.4782965 0.64458984 3.43E-05
R v 0 6 0 5 Rv0605 5.035843 0.6658449 2.57E-04
R v 0 6 0 6 Rv0606 3.170568 0.4905974 3.90E-05
R v 0 7 9 4 c lpdB 4.2844677 0.9338907 3.53E-04
R v 0 8 3 9 Rv0839 5.690083 1.4834127 2.96E-04
R v 0 9 9 1 c Rv0991c 6.6244917 1.2822977 2.94E-05
R v l0 4 9 R vl049 11.931677 4.1107593 3.35E-04
R v l0 5 0 R vl050 18.031868 6.018245 1.23E-04
R v l l 4 7 R v l147 2.2616365 0.30413866 5.07E-04
R v l1 4 8 c Rvl148c 4.4876595 1.0074022 1.36E-04
R v l2 2 1 sigE 15.376803 1.787629 2.02E-07
R v l 22 2 R vl222 3.772057 0.43888876 3.92E-08
R v l2 6 5 Rvl265 2.88842 0.31002545 6.20E-05
R v l 2 7 7 R vl277 2.3630223 0.45212838 6.77E-04
R v l2 8 5 cysD 4.0721784 0.8189711 1.01E-04
R v l 28 6 cysN 4.6639614 1.2730777 7.84E-04
R v l3 3 4 R vl334 5.3830376 1.428017 4.34E-04
R v l3 3 5 Rvl335 6.6831307 1.8822112 3.64E-04
R v l3 3 6 cysM 7.5174766 1.5913537 4.61E-05
R v l3 3 7 Rvl337 5.181976 0.9527549 2.83E-05
R v l3 3 8 murl 5.1090727 1.3180503 3.79E-04
R v l3 4 3 c Rvl343c 3.30675 0.31312785 9.51E-07
R v l3 4 4 R vl344 3.3331232 0.31238392 4.02E-06
R v l4 6 0 Rvl460 4.713455 0.9642973 5.83E-05
R v l4 6 1 Rvl461 4.793931 0.8921516 2.39E-05
R v l4 6 3 R vl463 4.295883 0.75922495 1.55E-05
R v l4 6 4 R vl464 3.6593933 0.9968775 9.72E-04
R v l4 6 5 R vl465 4.023858 0.48816973 1.96E-07
R v l 4 6 6 R vl466 2.885842 0.3446067 1.14E-04
R v l4 7 1 trxB 47.33852 13.879116 1.18E-05
R v l4 7 2 echA12 8.871976 1.4998927 6.60E-06
R v l4 7 3 R vl473 2.6393814 0.40850076 1.21E-04
R v l4 9 7 lipL 2.5402012 0.4966678 3.68E-04
R v l5 8 8 c Rvl588c 4.3284235 0.4037802 8.04E-10
R v l6 7 2 c Rvl672c 3.5446334 0.7241819 1.74E-04
R v l6 7 3 c Rvl673c 8.767456 1.1843411 1.10E-04
R v l7 6 7 R vl767 8.227443 2.3654082 4.81E-04
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R v l7 7 2
R v l7 7 3 c
R v l7 7 4
R v l7 7 5
R v l7 7 6 c
R v l7 7 7
R v l8 0 1
R v l8 5 4 c
R v l8 7 4
R v l8 7 5
R v l9 0 7 c
R v l9 0 9 c
R v l9 4 5
R v l9 5 4 c
R v l9 9 2 c
R v l9 9 4 c
R v 2 0 1 5 c
R v 2 0 5 2 c
R v 2 0 5 3 c
R v 2 1 1 5 c
R v 2 1 2 1 c
R v 2 1 9 1
R v 2 2 0 2 c
R v 2 2 0 3
R v 2 2 0 4 c
R v 2 3 7 7 c
R v 2 3 7 8 c
R v 2 3 8 0 c
R v 2 3 8 1 c
R v 2 3 8 6 c
R v 2 3 9 7 c
R v 2 3 9 9 c
R v 2 4 2 8
R v 2 4 5 3 c
R v 2 4 5 4 c
R v 2 4 6 0 c
R v 2 4 6 5 c
R v 2 4 6 6 c
R v 2 4 9 6 c
R v 2 4 9 7 c
R v 2 6 1 6
R v 2 6 1 7 c
R v 2 6 1 8
R v 2 6 9 8
R v 2 6 9 9 c
R v 2 7 0 5 c
R v 2 7 0 6 c
R v 2 7 0 7
R v 2 7 1 0
R v 2 7 3 0
R v 2 7 3 4
R v 2 7 3 5 c
R v 2 7 3 7 c
R v 2 7 4 3 c
R v 2 7 4 4 c
R v 2 7 4 5 c
R v 2 7 9 1 c
R v 2 8 2 4 c
R v 2 8 8 4
R v 2 8 8 5 c
R v 2 9 7 8 c
R v 3 0 1 6
R v 3 0 6 1 c
R v 3 1 6 1 c
R v 3 1 9 1 c
R v 3 2 0 1 c
R v 3 2 0 2 c
R v 3 2 0 5 c
R vl772 
Rvl773c 
R vl774 
R vl775 
Rvl776c 
R vl777 
PPE 
ndh 
R vl874 
R v l875 
Rvl907c 
furA 
R vl945 
Rvl954c 
ctpG 
Rvl994c 
Rv2015c 
Rv2052c 
Rv2053c 
Rv2115c 
hisG 
Rv2191 
cbhK 
Rv2203 
Rv2204c 
mbtH 
mbtG 
mbtE 
mbtD 
trpE2 
cysA 
cysT 
ahpC 
Rv2453c 
Rv2454c 
clpP2 
rpi 
Rv2466c 
pdhB 
pdhA 
Rv2616 
Rv2617c 
Rv2618 
Rv2698 
Rv2699c 
Rv2705c 
Rv2706c 
Rv2707 
sigB 
Rv2730 
Rv2734 
Rv2735c 
recA 
Rv2743c 
35kDa_ag 
Rv2745c 
Rv2791c 
Rv2824c 
Rv2884 
Rv2885c 
Rv2978c 
ipqA 
fadE22 
Rv3161c 
Rv3191c 
Rv3201c 
Rv3202c 
Rv3205c
5.394716
4.571418
4.314218
2.287364
2.2749467
2.5313122
9.558958
3.019005
4.3628654
6.7138324
2.9651196
6.5528393
3.759254
2.6554606
7.66014
7.5531254
4.0687613
3.3337698
3.8708177
2.5915706
3.366099
3.3253202
2.4768622
5.876103
4.8028073
4.600929
5.6179414
8.688526
6.821691
3.6757567
3.800748
3.1580694
2.3192122
3.326631
3.729247
2.2725842
3.1997397
73.26903
2.8105617
2.8235843
8.873559
9.448246
3.1147575
3.9599345
4.8222213
3.9142978
9.028167
3.884217
5.844017
2.7250257
3.016508
2.455456
2.7741516
2.436738
2.9432604
4.9757056
2.5587718
2.3971314
2.7810664
5.169064
3.3729265
2.6201923
2.282911
4.682201
2.4563699
5.089129
5.624566
3.6056492
0.37351373
1.0120617
0.8265799
0.35224918
0.3302984
0.40781602
1.5856586
0.4417747
1.0166159
1.6094894
0.45555064
1.2623986
0.731323
0.49577865
1.5779679
1.594839
0.91792715
0.5694455
0.4211745
0.47699535
0.84355915
0.41169
0.5209915
1.1338592
0.89194524
0.5850305
1.4052875
2.3874094
1.8891927
0.8791288
0.776037
0.5870535
0.34464812
0.5134696
0.5707092
0.3529033
0.58290905
13.451185
0.51000315
0.602751
1.8087378
1.5482073
0.6711619
1.0098058
1.3195778
0.34697053
0.74094003
0.6336837
0.85310143
0.58522886
0.5006696
0.28473848
0.32483423
0.3241509
0.45656574
0.8068992
0.42285383
0.31934282
0.528943
1.0727484
0.6124328
0.44521686
0.42753878
0.95010144
0.35951704
0.6483675
0.37470582
0.71762395
2.18E-06 
1.45E-04 
3.71 E-05 
5.09E-04 
7.65E-04 
7.10E-05 
1.74E-04 
1.56E-05 
5.88E-04 
1.20E-04 
8.51E-06 
2.80E-05 
5.1 IE-05 
2.98E-04 
3.29E-05 
3.97E-04 
3.27E-04 
1.53 E-05 
1.73E-08 
1.81E-04 
9.22E-04 
2.56E-07 
8.48E-04 
3.74E-05 
3.52E-05 
2.76E-04 
2.09E-04 
1.54E-04 
2.68E-04 
7.03E-04 
1.20E-04 
7.80E-05 
3.73E-04 
4.54E-06 
3.38E-06 
4.36E-04 
5.46E-05 
3.96E-07 
9.08E-05 
6.00E-04 
6.58E-05 
1.77E-05 
4.54E-04 
8.07E-04 
7.16E-04 
6.95E-07 
2.85E-09 
7.22E-06 
1.99E-06 
8.56E-04 
3.80E-04 
1.12E-04 
6.89E-05 
5.39E-04 
9.94E-06 
4.66E-06 
3.01E-04 
3.15E-04 
1.46E-04 
4.03E-04 
4.85E-05 
4.41E-04 
7.16E-04 
1.18E-04 
1.28E-04 
9.14E-07 
3.96E-10 
9.50E-05
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R v 3 2 0 6 c moeZ 17.684183 3.4748058 5.55E-06
R v 3 2 2 1 c Rv3221c 3.7580683 0.33055633 3.38E-06
R v 3 2 2 2 c Rv3222c 9.93994 1.8009595 9.18E-06
R v 3 2 2 3 c sigH 8.685456 1.41115 5.38E-06
R v 3 2 2 6 c Rv3226c 3.515634 0.605832 1.56E-05
R v 3 2 9 6 lhr 2.960789 0.5285654 4.74E-05
R v 3 2 9 7 nei 2.385045 0.4631907 6.63 E-04
R v 3 4 0 2 c Rv3402c 8.147261 1.8753219 5.60E-05
R v 3 4 0 3 c Rv3403c 4.1549826 0.74953 2.01 E-05
R v 3 4 1 8 c groES 2.767585 0.4996341 8.82E-05
R v 3 4 6 3 Rv3463 67.53954 10.032861 1.25E-07
R v 3 4 6 4 rmlB 6.231067 1.3636761 8.44 E-05
R v 3 4 6 5 rmlC 4.4956603 0.7743509 1.58E-05
R v 3 4 6 6 Rv3466 3.9548929 0.33201292 3.30E-06
R v 3 4 6 7 Rv3467 3.3601303 0.4207779 2.68E-07
R v 3 5 1 7 Rv3517 2.8415978 0.5216122 3.15E-04
R v 3 5 8 5 radA 4.57872 0.9059189 4.60E-05
R v 3 5 9 1 c Rv3591c 2.3278427 0.41585618 4.42E-04
R v 3 6 7 5 Rv3675 2.7245674 0.31498086 1.30E-04
R v 3 7 1 4 c Rv3714c 2.1662018 0.38140228 8.77E-04
R v 3 7 8 5 Rv3785 3.3533301 0.78972346 6.50E-04
R v 3 8 3 9 Rv3839 43.103798 4.735052 3.62E-08
R v 3 9 1 3 trxB2 13.072295 2.5952961 1.03 E-05
R v 3 9 1 4 trxC 15.3851385 1.9610095 4.19E-07
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.2.b.i Genes differentially expressed in stationary phase of Beijing 94-1576 unstressed
compared to Beijing 94-1576 stressed in response to oxidative stress
R v  n u m b e r G e n e  n a m e L o g  r a tio  in  e x p r e ss io n S td E r r P -v a lu e
RvOOlOc RvOOlOc 3.4946413 0.98371404 0.03553722
R v 0 0 9 9 fadDIO 3.474059 0.65924054 0.00952938
R vO 165c RvO165c 4.625437 1.2619271 0.04492547
R v 0 1 6 8 RvO168 4.0041995 1.1226302 0.03866217
R v 0 1 7 0 RvO170 2.730376 0.54162806 0.03686098
R v 0 1 7 1 Rv0171 2.5852938 0.5427339 0.04553801
R v 0 2 6 3 c Rv0263c 2.8290436 0.54726124 0.03290325
R v 0 4 6 2 Rv0462 3.121977 0.5348763 0.02190541
R v 0 5 1 6 c Rv0516c 5.1753283 0.549198 0.00414119
R v 0 5 2 5 Rv0525 3.0159073 0.79195005 0.0341254
R v 0 5 2 7 ccsA 3.0508075 0.79404575 0.03304758
R v 0 5 4 5 c pitA 3.8296723 0.5523332 0.01134052
R v 0 6 3 6 Rv0636 2.8304546 0.55649644 0.03390366
R v 0 6 9 6 Rv0696 2.674897 0.5805665 0.0453744
R v 0 7 0 0 rpsJ 4.0216556 0.77799505 0.00613393
R v 0 7 0 1 rplC 4.7797337 0.9497203 0.01167985
R v 0 7 0 2 rplD 3.0274694 0.5538294 0.02620534
R v 0 7 0 4 rplB 3.0690093 0.5515265 0.02473436
R v 0 7 0 7 rpsC 2.540349 0.7216067 0.04831836
R v 0 7 1 6 rplE 3.5197172 0.69342846 0.00830361
R v 0 7 1 9 rplF 2.6121569 0.6488091 0.04373056
R v 0 7 6 1 c adhB 3.0643744 0.57162297 0.02664338
R v 0 8 8 3 c Rv0883c 3.0161192 0.6558624 0.01476983
R v l0 7 8 pra 4.523124 0.87875986 0.00855709
R v l0 9 7 c Rvl097c 2.9564745 0.54713315 0.0279308
R v l0 9 9 c Rvl099c 2.87276 0.64200306 0.01850726
R v l l 9 6 PPE 3.0643542 0.55585545 0.02524884
R v l3 1 2 Rvl312 3.1016924 0.77253634 0.02016101
R v l6 1 1 trpC 5.5614386 1.2409401 0.02825385
R v l6 1 2 trpB 4.1372724 0.5510207 0.00868208
R v l6 1 3 trpA 4.5608363 0.6780637 0.00211937
R v l6 1 4 Igt 4.628333 0.5442193 0.00583786
R v l 6 5 4 argB 3.2314377 0.6915536 0.01311492
R v l6 5 5 argD 3.099167 0.77599305 0.0206467
R v l6 9 7 R vl697 6.592603 0.58401966 0.00219911
R v l9 0 1 cinA 3.3487437 0.55771583 0.01846492
R v l9 3 2 tpx 3.4831936 0.55308425 0.01580666
R v l9 9 6 R vl996 3.9892075 0.58424336 0.01101977
R v 2 2 5 8 c Rv2258c 2.8433964 0.5346331 0.03088275
R v 2 7 7 8 c Rv2778c 2.5603497 0.7300797 0.04721051
R v 2 7 8 0 aid 6.177112 0.5557006 0.00243207
R v 2 8 8 1 c cdsA 3.274861 0.5528461 0.01965612
R v 2 8 8 3 c pyrH 3.0426314 0.5300085 0.02364155
R v 2 8 9 4 c xerC 5.3078294 1.1722506 0.02838331
R v 2 9 4 6 c pksl 2.5115416 0.5325361 0.04913972
R v 2 9 8 5 mutTl 2.758619 0.5295688 0.03397636
R v 2 9 8 6 c hupB 3.1247313 0.5765293 0.02523587
R v 2 9 9 2 c gits 2.7166834 0.5421536 0.03763628
R v 3 0 1 1 c gatA 3.8976808 0.5411806 0.01025718
R v 3 0 2 8 c fixB 3.7697232 0.6897532 0.005879^1
R v 3 1 4 9 nuoE 2.6735005 0.59736884 0.04794427
R v 3 1 5 0 nuoF 3.627474 0.5417144 0.01316723
R v 3 1 5 2 nuoH 2.5372922 0.5341523 0.04750755
R v 3 4 4 2 c rpsl 2.8565407 0.5777133 0.0351793
R v 3 7 6 4 c Rv3764c 3.7682002 0.53092396 0.0110929
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.2.b.ii Genes differentially expressed in stationary phase of Beijing 94-1576 stressed
compared to Beijing 94-1576 unstressed in response to oxidative stress
R v  n u m b e r G e n e  n a m e L o g  ra tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 6 5 Rv0065 3.4253488 0.83460194 0.03700404
R v 0 0 7 7 c Rv0077c 4.4154534 0.8758683 0.01737694
R v 0 0 7 9 Rv0079 3.690753 0.92380184 0.0348329
R v 0 0 8 0 Rv0080 3.710842 0.96695584 0.03729519
R v 0 0 9 4 c Rv0094c 4.235574 1.3825328 0.04496622
RvO142 RvO142 35.664295 1.6046175 6.83E-05
R v 0 1 8 4 RvO184 5.0781164 0.8794653 0.01116949
R v 0 1 8 5 RvO185 3.259601 0.86481816 0.03617289
R v 0 1 8 6 bglS 4.813951 1.0526022 0.01881453
R v 0 1 9 0 RvO190 6.892828 1.2210611 0.00273801
R v 0 1 9 7 RvO197 6.8984594 1.759742 0.03068748
R v 0 2 5 0 c Rv0250c 8.122402 1.5990444 0.0128595
R v 0 2 5 1 c hsp 19.041956 2.0660114 0.00619406
R v 0 3 2 3 c Rv0323c 3.4788673 1.16105 0.03990501
R v 0 3 3 2 Rv0332 80.68422 6.756929 0.0106425
R v 0 3 4 7 Rv0347 4.5707397 0.90723765 0.01663507
R v 0 3 5 0 dnaK 4.3983736 0.96958756 0.00723789
R v 0 3 5 1 grpE 3.8740187 0.85808235 0.02572157
R v 0 4 1 1 c glnH 3.5103846 1.007879 0.02211671
R v 0 4 1 2 c Rv0412c 4.6147614 0.9562982 0.00598325
R v 0 4 4 0 groEL2 9.256703 1.8530698 0.01901889
R v 0 5 6 3 htpX 3.5254636 0.89586914 0.03834871
R v 0 6 7 7 c mmpS5 3.7444727 0.87189794 0.02972424
R v 0 6 7 8 Rv0678 6.211295 0.9099412 0.00637262
R v 0 8 1 4 c sseC2 3.3551161 0.8412455 0.04032766
R v 0 8 2 4 c desAl 3.4501994 0.9645013 0.0473627
R v 0 9 9 1 c Rv0991c 19.205448 3.5051558 0.02840956
R v l0 5 0 R vl050 22.747473 2.9801707 0.01163398
R v l1 4 8 c Rvl148c 4.2047014 1.0089769 0.02679933
R v l2 2 2 R vl222 5.4047503 0.87310934 0.00904254
R v l2 6 5 R vl265 4.86412 0.954429 0.00485471
R v l 2 8 5 cysD 3.8377433 0.9976071 0.03538798
R v l2 8 6 cysN 6.6980815 2.3845046 0.04377035
R v l2 9 9 prfA 3.4331896 0.904869 0.04275029
R v l3 3 4 Rvl334 10.518259 2.287538 0.0302224
R v l 3 3 6 cysM 16.644905 2.8687234 0.0237386
R v l3 3 7 R vl337 7.767925 0.9294196 0.00338916
R v l3 3 8 murl 7.726631 0.9979664 0.00396656
R v l3 4 3 c Rvl343c 3.7415447 0.8617993 0.02914581
R v l4 6 9 ctpD 14.703297 0.9782303 6.12E-04
R v l4 7 1 trxB 43.733517 0.92184293 3.11 E-05
R v l4 7 2 echA12 12.093393 1.9093375 0.01155634
R v l7 6 7 R vl767 14.7521715 0.9273585 5.45E-04
R v l8 1 3 c Rvl813c 16.880177 2.5883346 0.01721213
R v l8 7 5 R vl875 9.774491 0.98302025 3.18E-04
R v l9 0 7 c Rvl907c 4.9511995 0.9503536 0.01409459
R v l9 0 9 c furA 13.913913 2.3319342 0.01851326
R v l9 4 5 R vl945 3.9071753 1.0508803 0.03681263
R v l9 9 2 c ctpG 20.11418 1.5650085 3.26E-04
R v 2 0 1 0 Rv2010 4.980569 0.8815757 0.01193675
R v 2 0 1 5 c Rv2015c 3.903098 0.8552912 0.02492989
R v 2 1 9 1 Rv2191 5.1679115 1.0250791 0.00379092
R v 2 2 0 3 Rv2203 5.1735826 0.909124 0.01123879
R v 2 2 0 4 c Rv2204c 4.918218 1.191416 0.0108^056
R v 2 2 4 3 fabD 6.8304873 0.9178095 0.00485508
R v 2 2 4 4 acpM 4.066766 0.8927184 0.02362141
R v 2 3 7 8 c mbtG 5.1783724 0.99828154 0.01346527
R v 2 3 7 9 c mbtF 5.0752454 0.98729503 0.01404058
R v 2 3 8 0 c mbtE 6.2751064 0.9181855 0.00628757
R v 2 3 8 1 c mbtD 6.281653 0.91458744 0.00621898
R v 2 3 8 2 c mbtC 5.130062 0.9812203 0.01340867
R v 2 3 8 3 c mbtB 4.942847 0.98542315 0.01521147
R v 2 3 9 7 c cysA 5.796709 0.92678463 0.00817628
R v 2 3 9 9 c cysT 5.583437 0.87065417 0.00812109
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R v 2 4 5 3 c Rv2453c 4.850552 0.8589708 0.0123441
R v 2 4 5 4 c Rv2454c 5.9609537 1.088024 0.00245227
R v 2 4 6 5 c rpi 5.8565893 0.999343 0.00919111
R v 2 4 6 6 c Rv2466c 96.266106 10.918043 0.01487823
R v 2 4 9 7 c pdhA 4.0252194 0.86740977 0.02311865
R v 2 6 1 6 Rv2616 14.891114 2.8975186 0.02909006
R v 2 6 1 7 c Rv2617c 17.324606 4.4556737 0.04875167
R v 2 6 4 0 c Rv2640c 4.5887194 0.9520109 0.0180418
R v 2 6 4 1 Rv2641 7.997433 0.94094867 0.00318707
R v 2 6 4 3 arsC 3.461582 0.9562475 0.04609728
R v 2 6 9 8 Rv2698 8.113886 0.9192052 0.00291532
R v 2 7 0 5 c Rv2705c 5.1755395 0.8626234 0.01012333
R v 2 7 0 6 c Rv2706c 20.905413 1.007423 7.17E-05
R v 2 7 0 7 Rv2707 6.127833 0.9403591 0.00708952
R v 2 7 1 0 sigB 3.6271472 0.8704101 0.03298189
R v 2 7 3 7 c recA 4.923655 1.2976528 0.01883774
R v 2 8 8 5 c Rv2885c 4.989039 0.9120475 0.01269137
R v 2 9 1 9 c glnB 3.0545444 0.8756396 0.04334184
R v 2 9 8 7 c leuD 3.5671456 0.85715896 0.02848236
R v 2 9 8 8 c leuC 4.6463842 1.4066668 0.01500849
R v 2 9 8 9 Rv2989 3.9557652 0.86551696 0.0243924
R v 3 0 9 8 c Rv3098c 3.849202 0.858224 0.02628895
R v 3 1 1 9 moaE 8.998754 1.3707815 0.00287538
R v 3 1 2 1 Rv3121 4.3584986 0.8595781 0.01747842
R v 3 1 4 0 fadE23 4.4857945 1.087937 0.00933838
R v 3 1 6 1 c Rv3161c 3.6500292 0.8747083 0.03259313
R v 3 2 0 1 c Rv3201c 5.079722 1.3384825 0.01752933
R v 3 2 0 2 c Rv3202c 7.5116754 1.7144094 0.02015769
R v 3 2 0 5 c Rv3205c 6.700614 1.3496821 0.00784493
R v 3 2 0 6 c moeZ 28.79426 7.346336 0.04537693
R v 3 2 2 1 c Rv3221c 9.132798 1.690799 0.0122556
R v 3 2 2 2 c Rv3222c 18.216312 1.4025924 3.10E-04
R v 3 2 2 3 c sigH 16.709024 2.066635 0.00815966
R v 3 2 2 6 c Rv3226c 3.5911424 0.8473203 0.03241339
R v 3 4 0 2 c Rv3402c 9.186034 0.9949672 0.0023769
R v 3 4 0 3 c Rv3403c 7.3823595 0.94478023 0.00111963
R v 3 4 1 7 c groELl 6.297355 1.7341567 0.03731957
R v 3 4 6 4 rmlB 19.71101 2.1837454 0.00739112
R v 3 4 6 5 rmlC 8.133312 0.9400787 0.00302725
R v 3 4 6 7 Rv3467 3.6802678 0.945365 0.01637673
R v 3 5 8 5 radA 4.712329 1.0254699 0.01914246
R v 3 8 4 0 Rv3840 9.29563 1.1733918 4.10E-04
R v 3 9 1 3 trxB2 20.549614 0.91687685 2.18E-04
R v 3 9 1 4 trxC 27.70097 6.0945625 0.03824202
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.2.c.i Genes differentially expressed in exponential phase of H37Rv unstressed
compared to Beijing 94-1576 unstressed in response to oxidative stress
R v  n u m b e r G e n e  n a m e L o g  r a tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 5 6 rpll 1.5054253 0.19938053 0.012956011
R v 0 0 5 7 Rv0057 1.49132 0.21707135 0.028679293
R v 0 0 7 4 Rv0074 4.954179 2.241127 0.021487178
R v 0 0 7 5 Rv0075 2.0067713 0.3097914 0.001592195
R v 0 1 1 4 RvOl14 1.4286038 0.18596953 0.039093744
R v 0 1 1 5 RvOl15 1.5869737 0.28179055 0.037102297
R v 0 2 0 5 Rv0205 1.4323982 0.20011298 0.04220938
R v 0 2 0 6 c mmpL3 1.4480845 0.18661697 0.018388078
R v 0 2 4 1 c Rv0241c 1.5071626 0.19932328 0.01727614
R v 0 2 4 2 c fabG4 1.7591025 0.31522027 0.007648828
R v 0 2 4 8 c Rv0248c 1.5575975 0.20455575 0.00972282
R v 0 2 5 0 c Rv0250c 1.6505553 0.26020423 0.008207975
R v 0 2 8 3 Rv0283 2.2480109 0.41150552 0.001833243
R v 0 2 8 7 Rv0287 1.5824941 0.18147963 0.00517357
R v 0 2 9 2 Rv0292 1.9371349 0.5248712 0.027697977
R v 0 3 4 6 c aroP2 1.7586554 0.2116647 0.005381891
R v 0 4 4 5 c sigK 1.5736345 0.25115857 0.025019392
R v 0 5 2 8 Rv0528 1.5592445 0.22503978 0.013187586
R v 0 5 5 7 Rv0557 1.5318849 0.26594356 0.043675195
R v 0 6 4 1 rplA 1.5339538 0.19119683 0.008920735
R v 0 7 0 5 rpsS 1.5451882 0.25888366 0.030018758
R v 0 7 0 9 rpmC 1.5489826 0.21967888 0.02150957
R v 0 7 1 1 atsA 2.0439844 0.5202927 0.034647547
R v 0 7 8 7 Rv0787 1.8104974 0.18675609 6.95E-04
R v 0 8 2 1 c phoY2 1.7931296 0.19685788 0.001796606
R v 0 8 2 3 c Rv0823c 1.8078592 0.43650478 0.025296817
R v 0 9 8 1 Rv0981 1.602837 0.19477293 0.008148408
R v 0 9 8 2 Rv0982 1.6254613 0.26223794 0.039505932
R v 0 9 9 7 Rv0997 1.7059603 0.39227977 0.037920404
R v l0 2 4 Rvl024 1.7542014 0.26270968 0.002812417
R v l0 3 7 c Esat6 1.5035197 0.20319685 0.014537841
R v l0 4 5 Rvl045 1.7077861 0.33288473 0.01656782
R v l0 4 7 R vl047 2.0072274 0.37326938 0.002442812
R v l0 5 7 R vl057 2.335841 0.7228468 0.023337804
R v l1 0 3 c Rvl103c 2.7239225 0.3108168 2.66E-06
R v l1 7 9 c Rvl179c 1.8213642 0.21927229 7.59E-04
R v l 183 mmpLlO 1.61488 0.33094284 0.040636502
R v l1 8 5 c fadD21 2.7291212 0.6082747 7.52E-04
R v l1 8 6 c Rvl186c 2.1428945 0.31929678 2.96E-04
R v l 195 PE 4.0153327 0.5554313 2.66E-05
R v l l 9 6 PPE 2.954528 0.8547478 0.004051798
R v l 198 R v l198 1.472505 0.20079955 0.021889457
R v l l 9 9 c Rvl199c 1.9029919 0.4185346 0.010534223
R v l2 5 1 c Rvl251c 1.5360733 0.2952942 0.04798386
R v l3 1 7 c alkA 2.5363588 0.48049268 0.01932514
R v l 3 4 6 fadE14 1.5943033 0.34382012 0.047522657
R v l3 4 7 c Rvl347c 2.2160609 0.6652726 0.035773255
R v l3 6 1 c PPE 2.2188559 0.42223224 6.57E-04
R v l4 1 3 Rvl413 1.5645179 0.26155955 0.026510464
R v l4 6 9 ctpD 3.4390447 0.26232466 8.42E-05
R v l5 7 7 c Rvl577c 2.3094792 0.5783576 0.009122511
R v l5 8 7 c Rvl587c 1.5922811 0.24525054 0.029413465
R v l6 2 5 c Rvl625c 4.1675057 2.140567 0.018762825
R v l6 3 9 c R vl639c 1.6586323 0.35778737 0.038615465
R v l7 4 8 R vl748 1.8635317 0.43418404 0.019977245
R v l7 7 6 c Rvl776c 1.5520954 0.19392258 0.012541849
R v l8 7 0 c Rvl870c 1.7317156 0.4047929 0.03528445
R v l8 7 1 c Rvl871c 1.601632 0.32509032 0.042860415
R v 2 0 5 1 c Rv2051c 1.5188389 0.23420618 0.026641527
R v 2 0 5 2 c Rv2052c 1.6950783 0.1862501 0.001959702
R v 2 0 5 7 c rpmG 1.9428155 0.42491576 0.029127762
R v 2 0 5 9 Rv2059 1.6528691 0.28317353 0.032514136
R v 2 0 7 7 c Rv2077c 3.4253533 1.292384 0.008773947
R v 2 0 8 0 IppJ 1.8334641 0.26482686 0.001533869
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R v 2 0 9 2 c helY 1.7817863 0.3046255 0.004306826
R v 2 1 6 1 c Rv2161c 1.8257303 0.23612191 0.00555904
R v 2 1 8 9 c Rv2189c 2.0430715 0.3160681 0.019107034
R v 2 2 6 3 Rv2263 1.7763833 0.28762895 0.023829032
R v 2 2 7 2 Rv2272 1.5961691 0.19523086 0.006516296
R v 2 2 8 0 Rv2280 1.5196717 0.19896817 0.010894764
R v 2 3 2 9 c narKl 4.3295894 1.3339857 0.001532761
R v 2 3 3 9 mmpL9 2.4275057 0.5038133 0.002223608
R v 2 3 5 2 c PPE 13.884966 3.5295994 4.36E-04
R v 2 3 7 6 c Rv2376c 1.8740675 0.4825856 0.032796443
R v 2 3 8 0 c mbtE 2.3056266 0.8166267 0.04007141
R v 2 3 9 2 cysH 1.7796732 0.38499036 0.019950392
R v 2 3 9 3 Rv2393 1.6798396 0.29030484 0.011546654
R v 2 3 9 4 ggtB 1.5862031 0.30547294 0.034454565
R v 2 5 1 2 c Rv2512c 2.3137589 0.67641413 0.012497886
R v 2 5 1 3 Rv2513 1.5676051 0.19961594 0.012362388
R v 2 5 4 2 Rv2542 1.7827529 0.20426068 0.002342718
R v 2 5 4 3 IppA 3.1326306 1.100488 0.014541764
R v 2 5 4 4 IppB 2.9245608 1.1048523 0.039305262
R v 2 5 9 0 fadD9 1.6217971 0.2688781 0.010569871
R v 2 6 6 6 Rv2666 2.263232 0.61443895 0.010762975
R v 2 6 7 2 Rv2672 1.5516982 0.2845225 0.043441713
R v 2 7 1 0 sigB 1.7157906 0.38086256 0.026482096
R v 2 7 2 5 c hflX 1.5740991 0.21960302 0.01401909
R v 2 7 7 4 c Rv2774c 3.3126159 0.6027357 0.007462852
R v 2 7 7 6 c Rv2776c 1.8427901 0.379963 0.028602691
R v 2 7 8 2 c pepR 1.6160154 0.20706059 0.009555789
R v 2 9 0 1 c Rv2901c 1.6376909 0.24338925 0.016020743
R v 2 9 0 5 IppW 2.252743 0.3095782 1.23E-04
R v 2 9 1 9 c glnB 1.955797 0.2650629 0.007763649
R v 2 9 4 7 c pks 15 1.6105922 0.3071786 0.026906906
R v 2 9 4 8 c fadD22 1.7627164 0.3393319 0.010079607
R v 2 9 4 9 c Rv2949c 1.9244815 0.5106832 0.028222943
R v 2 9 5 2 Rv2952 1.4445238 0.20437609 0.035101507
R v 2 9 8 9 Rv2989 1.6081907 0.30552417 0.03381519
R v 3 0 1 9 c Rv3019c 1.4777359 0.20396365 0.022174438
R v 3 0 9 5 Rv3095 1.4542125 0.21878003 0.04722393
R v 3 1 1 5 Rv3115 2.3819678 0.61992365 0.006433146
R v 3 1 3 5 PPE 3.23091 0.793983 0.00595729
R v 3 1 4 3 Rv3143 1.3860673 0.1881084 0.047078576
R v 3 1 6 0 c Rv3160c 2.0925815 0.27393395 8.08E-05
R v 3 1 8 9 Rv3189 2.7925968 1.0120151 0.041203104
R v 3 1 9 7 Rv3197 1.5240531 0.23548077 0.025313191
R v 3 2 7 6 c purK 1.4681052 0.2030416 0.019573256
R v 3 2 9 9 c atsB 1.63478 0.2396886 0.028507892
R v 3 3 2 0 c Rv3320c 1.4738023 0.20947856 0.029393064
R v 3 3 7 8 c Rv3378c 1.6901382 0.33590525 0.029509552
R v 3 4 0 7 Rv3407 14.54732 3.705644 3.98E-05
R v 3 4 0 9 c choD 3.8219652 1.4580742 0.002984656
R v 3 4 2 0 c riml 1.6787661 0.23844188 0.004832039
R v 3 4 2 9 PPE 1.7953631 0.1976159 0.003148726
R v 3 4 5 5 c truA 1.6188596 0.24925339 0.01404273
R v 3 4 5 6 c rplQ 1.5559725 0.20276102 0.007965608
R v 3 4 7 7 PE 3.117367 0.60239404 4.68E-04
R v 3 4 7 8 PPE 2.4810774 0.5674508 0.001581231
R v 3 4 7 9 Rv3479 2.1001825 0.3664434 6.95E-04
R v 3 4 8 2 c Rv3482c 1.7182292 0.22270001 0.005837307
R v 3 4 8 7 c lipF 17.960066 15.512652 0.020018104
R v 3 5 6 6 c nhoA 1.5625036 0.28163394 0.033603624
R v 3 5 7 8 arsB2 1.5535289 0.2294176 0.030690303
R v 3 6 5 1 Rv3651 1.4512559 0.19150424 0.02568684
R v 3 7 2 6 Rv3726 2.2742836 0.6377276 0.010617056
R v 3 7 5 6 c proZ 1.5377184 0.2028586 0.017210422
R v 3 7 6 7 c Rv3767c 2.1099005 0.50847685 0.01585796
R v 3 8 2 2 Rv3822 2.7886631 1.142626 0.035020746
R v 3 8 3 5 Rv3835 1.5642205 0.219579 0.015339089
R v 3 8 3 6 Rv3836 2.4957619 0.41037568 9.50E-04
R v 3 8 3 9 Rv3839 3.2835002 1.165126 0.035358015
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Rv3849 Rv3849 2.0402877 0.4438998 0.010925855
Rv3850 Rv3850 1.4652265 0.23068309 0.033923358
Rv3855 Rv3855 1.5111374 0.2568471 0.04135747
Rv3857c Rv3857c 1.4208425 0.18779229 0.032581817
Rv3920c Rv3920c 2.088712 0.20833112 7.73E-05
Rv3921c Rv3921c 1.6283557 0.35589048 0.04199993
Rv3922c Rv3922c 1.8580669 0.28953618 0.001111092
Rv3923c mpA 1.573043 0.2471014 0.023521353
Rv3924c rpmH 1.7762007 0.18941048 0.005741105
The Rv numbers and gene names are based on the H37Rv genome (Cole et a i, 1998).
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Table 4.2.2.c.ii Genes differentially expressed in exponential phase of H37Rv stressed compared
to Beijing 94-1576 stressed in response to oxidative stress
R v  n u m b e r G e n e  n a m e L o g  ra tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 0 5 gyrB 1.6816431 0.32761672 0.02193514
R v 0 0 4 0 c mtc28 1.5368654 0.2846272 0.042740814
R v 0 0 4 2 c Rv0042c 3.4430742 0.7248488 0.002207943
R v 0 0 4 8 c Rv0048c 1.8701507 0.35140008 0.004497744
R v 0 0 5 6 rpll 1.539065 0.20868956 0.011187046
R v 0 0 5 7 Rv0057 1.6761763 0.27925798 0.02110964
R v 0 0 5 8 dnaB 1.6352007 0.23649287 0.019245774
R v 0 0 9 9 fadDIO 1.9545574 0.26506296 0.005873418
R v 0 1 0 2 RvO102 2.7229345 0.44586 9.14E-04
R v 0 1 2 9 c fbpC2 1.7905855 0.474437 0.04744524
R v 0 1 4 4 RvO144 2.514141 0.24687625 3.15E-07
R v 0 1 8 6 bglS 1.483041 0.23093846 0.029830039
R v 0 2 8 0 PPE 2.2785676 0.51317954 0.002395092
R v 0 2 8 1 Rv0281 1.4152973 0.20333786 0.038763165
R v 0 2 8 2 Rv0282 1.8302464 0.22796181 6.68E-04
R v 0 2 8 3 Rv0283 1.8658555 0.25442195 0.001815818
R v 0 2 8 7 Rv0287 1.7073671 0.20632596 0.003056111
R v 0 2 8 8 Rv0288 1.5871553 0.21505399 0.00666652
R v 0 2 9 2 Rv0292 1.5000817 0.21984868 0.019890798
R v 0 3 0 9 Rv0309 1.4679296 0.22275321 0.029893097
R v 0 3 4 1 Rv0341 2.4812567 0.8794845 0.019395461
R v 0 3 4 2 Rv0342 3.1529005 1.322157 0.014610864
R v 0 3 4 3 Rv0343 2.2105694 0.6647831 0.016733425
R v 0 4 S 0 c mmpL4 1.4621515 0.24801701 0.040944505
R v 0 4 6 4 c Rv0464c 3.3011606 1.4159062 0.023173593
R v 0 4 6 7 icl 3.7639098 1.6046427 0.009636292
R v 0 4 6 9 umaAl 2.1624956 0.40002736 8.59E-04
R v 0 6 3 5 Rv0635 1.53503 0.262586 0.036642507
R v 0 6 3 6 Rv0636 1.4746797 0.19365184 0.0211645
R v 0 6 4 1 rplA 1.7087498 0.20316751 0.001986146
R v 0 7 0 0 rpsJ/nusE 1.8694875 0.21268286 8.68E-04
R v 0 7 0 2 rplD 1.7076986 0.29863 0.013079807
R v 0 7 0 4 rplB 1.794545 0.279296 0.003739491
R v 0 7 0 5 rpsS 2.0135374 0.42166612 0.012383566
R v 0 7 0 6 rplV 1.9387786 0.3826472 0.012175808
R v 0 7 0 7 rpsC 1.9139876 0.26073077 0.002163062
R v 0 7 0 8 rplP 2.04665 0.2554573 4.35E-04
R v 0 7 1 5 rplX 2.064849 0.389474 0.012074647
R v 0 7 1 8 rpsH 2.2632785 0.4499975 0.009280186
R v 0 7 1 9 rplF 1.5707915 0.23005854 0.01773323
R v 0 7 6 0 c Rv0760c 1.6047331 0.2586953 0.026156187
R v 0 7 8 1 ptrBb 2.1513922 0.4245754 0.030282293
R v 0 7 8 7 Rv0787 2.1169522 0.30956686 0.002159818
R v 0 8 2 1 c phoY2 1.7197598 0.20813066 0.002866247
R v 0 8 2 3 c Rv0823c 1.958659 0.5488777 0.03222111
R v 0 8 2 4 c desAl 2.333493 0.7765542 0.029048733
R v 0 8 5 0 Rv0850 1.772512 0.42424992 0.048147604
R v 0 8 8 3 c Rv0883c 1.7621357 0.35073143 0.019655386
R v 0 8 8 5 Rv0885 2.5108306 0.52588725 8.26E-04
R v 0 8 9 2 Rv0892 2.7316246 0.3912729 0.01971875
R v 0 9 3 3 pstB 2.5113597 0.2812246 0.003764628
R v 0 9 3 4 phoSl 1.8146603 0.22207983 0.002796619
R v 0 9 8 0 c PE PGRS 2.0460138 0.39475563 0.01431038
R v 0 9 9 7 Rv0997 1.8775165 0.3687532 0.018427158
R v l0 4 7 R vl047 1.6575997 0.29108274 0.020578308
R v l0 5 9 R vl059 1.4807987 0.21576144 0.030891092
R v l0 7 0 c echA8 1.6475215 0.2632198 0.008000582
R v l 0 9 4 desA2 3.380469 1.2316537 0.03388599
R v l0 9 6 R vl096 1.6712363 0.25385118 0.01483836
R v l1 0 1 c Rvl101c 1.8734603 0.3530891 0.004875428
R v l1 0 2 c Rvl102c 3.7261875 1.2842952 0.005860999
R v l1 0 3 c Rvl103c 2.7141364 0.36385667 6.88E-04
R v l l 2 1 zwf 1.6143198 0.29291657 0.024339963
R v l l 7 7 fdxC 1.9146519 0.43713668 0.016662387
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R v l l 7 9 c Rv1179c 1.8837793 0.25954646 0.010058719
R v l l 8 0 pks3 6.3204327 1.2096466 3.12E-04
R v l l 8 5 c fadD21 5.3401995 1.7418164 0.008929043
R v l l 9 2 R vll92 2.0221305 0.50709045 0.015335627
R v l l 9 4 c Rv1194c 2.5272822 0.51512575 0.007315757
R v l l 9 6 PPE 6.5181766 1.4417746 8.57E-05
R v l l 9 9 c R vll99c 1.8450589 0.30734897 0.003569771
R v l2 3 3 c Rvl233c 2.1061985 0.4167014 0.009343601
R v l3 6 1 c PPE 4.2288165 1.7697244 0.006832918
R v l3 8 3 carA 2.3348446 0.47404394 0.013958259
R v l3 8 7 PPE 2.777418 0.32555518 5.26E-05
R v l4 0 0 c lipl 1.6416866 0.30912027 0.027516708
R v l4 3 5 c Rv1435c 1.5862435 0.30882356 0.03966955
R v l4 7 5 c acn 1.5018327 0.23730727 0.049806897
R v l5 2 1 fadD25 1.4767827 0.22217396 0.041133113
R v l5 2 2 c mmpL12 1.832068 0.38969138 0.025644831
R v l6 2 9 polA 2.0380776 0.43845174 0.04575655
R v l6 3 9 c Rvl639c 2.5844724 0.5554024 4.69E-04
R v l7 6 5 c Rv1765c 2.129452 0.41549218 0.001301709
R v l7 7 6 c Rv1776c 1.6433382 0.25346354 0.014642012
R v l8 7 1 c Rvl871c 2.012517 0.27565378 0.014529699
R v l8 7 2 c lldD2 2.0124931 0.5111332 0.015746536
R v l9 1 2 c fadB5 1.8801291 0.25051415 0.001292473
R v 2 0 1 8 Rv2018 1.773755 0.27059966 0.032966584
R v 2 0 8 1 c Rv2081c 1.5785226 0.29514432 0.037276156
R v 2 1 1 9 Rv2119 1.8980138 0.23109393 7.62E-04
R v 2 1 3 7 c Rv2137c 1.8868259 0.24476519 7.29E-04
R v 2 1 5 4 c ftsW 1.9820609 0.33800134 0.005112445
R v 2 1 5 6 c murX 3.4563057 0.85812026 0.001582686
R v 2 1 5 8 c murE 4.7434263 0.43177927 0.003401541
R v 2 1 6 1 c Rv2161c 5.112274 0.91060054 7.88E-04
R v 2 2 7 1 Rv2271 2.1445003 0.5193886 0.012732291
R v 2 2 7 5 Rv2275 3.0597577 0.8370406 0.01626733
R v 2 2 7 6 Rv2276 2.4011493 0.3640433 0.004457169
R v 2 3 2 8 PE 2.2563987 0.5634885 0.022480238
R v 2 3 3 9 mmpL9 2.2678843 0.47762382 0.004736415
R v 2 3 9 1 nirA 1.9952005 0.47110385 0.009890428
R v 2 3 9 2 cysH 1.7696985 0.4115766 0.032690033
R v 2 3 9 3 Rv2393 1.9636986 0.39849076 0.005945306
R v 2 3 9 4 ggtB 2.0908995 0.6939775 0.042600557
R v 2 4 6 3 lipP 1.7344239 0.32321492 0.01144092
R v 2 5 1 2 c Rv2512c 1.7759379 0.3621058 0.020152712
R v 2 5 4 2 Rv2542 2.620799 0.3742592 0.002515743
R v 2 5 4 3 IppA 6.218617 1.3692497 7.38E-04
R v 2 5 8 4 c apt 1.7731595 0.3368001 0.019523824
R v 2 5 9 0 fadD9 1.7473665 0.32911694 0.021010963
R v 2 5 9 3 c ruvA 2.2375743 0.28005254 0.001055702
R v 2 5 9 4 c ruvC 1.684727 0.40286627 0.048126552
R v 2 6 5 9 c Rv2659c 2.8305008 0.78983486 0.010765059
R v 2 6 6 6 Rv2666 3.8679934 2.0649252 0.029603863
R v 2 7 1 7 c Rv2717c 1.7008471 0.3143292 0.023857092
R v 2 7 7 5 Rv2775 1.9319159 0.23010257 5.79E-04
R v 2 7 7 6 c Rv2776c 3.3752859 0.6465771 0.005880511
R v 2 8 2 1 c Rv2821c 1.479055 0.23194781 0.034093134
R v 2 8 2 2 c Rv2822c 2.3859391 0.81985027 0.042281345
R v 2 8 8 4 Rv2884 1.8220092 0.202157 6.41E-04
R v 2 9 0 5 IppW 1.9173142 0.2986834 0.024969988
R v 2 9 2 8 tesA 1.9094603 0.44080144 0.023130253
R v 2 9 5 0 c fadD29 2.5840876 0.27971682 9.32E-04
R v 2 9 5 2 Rv2952 2.1323678 0.5368837 0.038582053
R v 2 9 5 3 Rv2953 2.1639132 0.3096845 0.002957164
R v 2 9 7 9 c Rv2979c 1.4620173 0.2319227 0.043560524
R v 2 9 9 2 c gits 2.0063956 0.5556986 0.045643847
R v 3 0 1 9 c Rv3019c 1.6026826 0.25024858 0.014460515
R v 3 0 2 3 c Rv3023c 1.6651062 0.29340994 0.017778913
R v 3 0 7 4 Rv3074 1.7793573 0.25397456 0.006823956
R v 3 1 1 5 Rv3115 1.8078511 0.2929466 0.005155013
R v 3 1 5 9 c PPE 2.3286002 0.31506354 0.001020034
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R v 3 1 6 0 c Rv3160c 1.8795332 0.3051528 0.001960526
R v 3 1 6 1 c Rv3161c 1.7227056 0.26415098 0.0062441
R v 3 2 0 1 c Rv3201c 1.9828305 0.363262 0.003356945
R v 3 2 6 3 Rv3263 2.0829198 0.21641941 5.58E-05
R v 3 2 9 1 c Rv3291c 2.6421907 0.42740875 0.026617179
R v 3 2 9 7 nei 1.7593057 0.28645578 0.005999065
R v 3 3 1 3 c add 1.5334277 0.28033674 0.041927565
R v 3 3 1 4 c deoA 1.8954777 0.27985832 0.022699805
R v 3 3 1 6 sdhC 2.173661 0.58804256 0.047939565
R v 3 3 1 7 sdhD 1.6832716 0.3180535 0.033029698
R v 3 3 7 6 Rv3376 1.687645 0.2572702 0.013920304
R v 3 3 8 2 c lytB 2.3292236 0.47833255 0.010772524
R v 3 4 0 7 Rv3407 33.52644 14.190373 7.01E-05
R v 3 4 2 9 PPE 2.1851149 0.36266583 0.009241967
R v 3 4 7 7 PE 9.436911 2.3923178 1.68E-04
R v 3 4 7 8 PPE 3.0766454 1.1286494 0.006416393
R v 3 4 7 9 Rv3479 1.9036436 0.42937297 0.012697199
R v 3 4 8 2 c Rv3482c 1.499078 0.23368911 0.031763133
R v 3 4 8 6 Rv3486 4.33543 1.5331426 0.044317994
R v 3 5 1 7 Rv3517 1.8638128 0.33969963 0.014211294
R v 3 5 6 6 c nhoA 1.5305405 0.24365392 0.04415816
R v 3 5 8 6 Rv3586 1.5375776 0.28496552 0.04293838
R v 3 6 1 4 c Rv3614c 2.2461967 0.427142 0.0013101
R v 3 6 1 5 c Rv3615c 1.8176981 0.3085488 0.003830848
R v 3 6 1 6 c Rv3616c 2.7138586 0.1948281 2.35E-06
R v 3 6 4 5 Rv3645 1.5100088 0.22748953 0.029106544
R v 3 7 0 6 c Rv3706c 5.3212066 2.7141347 0.015177464
R v 3 7 1 0 leuA 3.9627414 1.863661 0.009328152
R v 3 7 1 1 c dnaQ 1.9072728 0.27079716 0.001390706
R v 3 7 1 4 c Rv3714c 1.5279961 0.28312233 0.047925413
R v 3 7 1 9 Rv3719 1.8960586 0.39780456 0.009457194
R v 3 7 2 0 Rv3720 2.8323405 0.49171495 5.44E-04
R v 3 7 2 6 Rv3726 2.7614977 0.3194337 3.81E-06
R v 3 7 4 9 c Rv3749c 4.177074 0.6232609 7.39E-05
R v 3 7 6 7 c Rv3767c 2.5764825 0.3368692 4.90E-05
R v 3 7 7 4 echA21 1.4581286 0.23105203 0.038602453
R v 3 8 0 4 c fbpA 1.9535865 0.25145605 0.002009555
R v 3 8 2 2 Rv3822 2.9861555 0.826179 0.001719653
R v 3 8 2 3 c mmpL8 1.8679338 0.2647648 0.00169993
R v 3 8 2 4 c papAl 1.8076453 0.29224545 0.006083189
R v 3 8 2 5 c pks2 1.8846712 0.27971214 0.003699927
R v 3 8 3 6 Rv3836 2.4750252 0.7004192 0.0094744
R v 3 8 4 9 Rv3849 1.8816422 0.43309188 0.04218727
R v 3 8 5 0 Rv3850 2.4820485 0.63406765 0.026765479
R v 3 8 5 1 Rv3851 1.9034141 0.36998865 0.031202724
R v 3 8 8 2 c Rv3882c 1.7838284 0.2529534 0.015080713
R v 3 9 2 0 c Rv3920c 1.9935935 0.3908356 0.012529587
R v 3 9 2 1 c Rv3921c 2.1038194 0.3913832 0.001340636
R v 3 9 2 2 c Rv3922c 2.9589188 0.3443959 1.29E-07
R v 3 9 2 3 c mpA 1.7686876 0.4094318 0.035528872
R v 3 9 2 4 c rpmH 3.2898788 1.2946343 0.03892745
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.2.c.iii Genes differentially expressed in exponential phase of Beijing 94-1576 unstressed
compared to H37Rv unstressed in response to oxidative stress
R v  n u m b e r G e n e  n a m e L o g  r a tio  in  e x p r e ss io n S td E r r  P -v a lu e
R v 0 1 0 8 c Rv0108c 1.7698532 0.31137756 0.008122453
R v 0 1 2 0 c fusA2 2.0362031 0.37344304 0.003980693
R v 0 1 8 8 Rv0188 1.5692184 0.18566976 0.008882956
R v 0 2 6 3 c Rv0263c 2.00896 0.3842002 0.002026878
R v 0 2 9 8 Rv0298 1.3956796 0.18330626 0.04417969
R v 0 3 3 8 c Rv0338c 1.4329766 0.22432114 0.036075965
R v 0 4 1 5 Rv0415 1.6671369 0.3777694 0.04810982
R v 0 4 4 8 c Rv0448c 1.529378 0.2521003 0.023113497
R v 0 4 5 1 c mmpS4 2.7135155 1.0266343 0.018888894
R v 0 4 5 2 Rv0452 5.103587 2.1453576 0.027865209
R v 0 4 5 6 c echA2 1.7032764 0.22033171 0.004467759
R v 0 4 9 2 c Rv0492c 1.8490667 0.47570992 0.038957708
R v 0 5 5 9 c Rv0559c 1.5656699 0.2795056 0.023422485
R v 0 5 6 9 Rv0569 2.0621324 0.22926335 6.36E-04
R v 0 6 0 8 Rv0608 1.7102135 0.30449644 0.010926591
R v 0 7 2 7 c fucA 1.6114576 0.3139962 0.030393664
R v 0 7 5 3 c mmsA 3.8441975 1.6862587 0.006453527
R v 0 7 8 2 ptrBa 2.4033241 0.68602353 0.009607029
R v 0 8 0 6 c cpsY 1.5159748 0.18014123 0.006983467
R v 0 9 7 2 c fadE12 1.6055095 0.29803678 0.030562593
R v 0 9 7 5 c fadE13 1.8233205 0.37808493 0.022109509
R v 0 9 9 1 c Rv0991c 2.8170488 1.0258466 0.04074105
R v l l 5 1 c Rvl151c 1.6232309 0.23959309 0.01345158
R v l l 6 4 narl 1.6265111 0.19550249 0.009854614
R v l l 7 2 c PE 2.1464746 0.6728671 0.042600714
R v l2 6 9 c Rvl269c 2.2091422 0.38918632 0.001387301
R v l3 7 1 Rvl371 2.5594823 0.79270154 0.009102171
R v l4 6 0 R vl460 1.5221204 0.25669917 0.037461143
R v l4 9 1 c Rvl491c 1.5380815 0.26948905 0.036322728
R v l5 0 9 R v l509 2.239042 0.65332323 0.016235882
R v l5 1 0 Rvl510 1.7065573 0.23113911 0.029017488
R v l5 9 9 hisD 1.4160588 0.18984145 0.040942956
R v l6 2 1 c cydD 1.4306637 0.20080924 0.04339959
R v l6 2 4 c Rvl624c 1.6356376 0.24361718 0.014517654
R v l6 3 6 Rvl636 1.7597812 0.25004292 0.003403216
R v l6 4 6 PE 2.4352593 0.56336933 0.003924663
R v l6 5 2 argC 1.5177559 0.2641498 0.040497977
R v l6 5 5 argD 1.4202417 0.18677565 0.037140954
R v l6 5 9 argH 1.494353 0.2009109 0.024391001
R v l9 0 4 R vl904 1.5302517 0.24944046 0.040124975
R v l9 2 9 c Rvl929c 1.526072 0.22712654 0.04686203
R v 2 1 0 8 PPE 5.2574577 3.4264438 0.034359973
R v 2 1 2 1 c hisG 1.4856908 0.21450624 0.028838914
R v 2 1 4 1 c dapE2 1.4584267 0.21173573 0.04070443
R v 2 1 6 9 c Rv2169c 1.579191 0.25079954 0.021924233
R v 2 2 2 0 glnAl 1.4051929 0.20856996 0.047630362
R v 2 2 4 7 accD6 1.6031811 0.3115261 0.033846945
R v 2 2 7 7 c Rv2277c 1.5401986 0.21774064 0.013678599
R v 2 3 0 2 Rv2302 1.5548184 0.2480864 0.027849974
R v 2 3 0 S Rv2305 1.4140502 0.17635313 0.023998493
R v 2 3 0 7 c Rv2307c 1.6855708 0.35305014 0.036338575
R v 2 3 3 6 Rv2336 1.5569834 0.2796575 0.043148205
R v 2 3 3 7 c Rv2337c 1.7059731 0.35096544 0.038661018
R v 2 3 9 7 c cysA 2.0041454 0.3229198 0.001937801
R v 2 3 9 8 c cysW 2.7407696 0.4475718 4.89E-04
R v 2 4 0 0 c subl 2.2565591 0.6504237 0.013695494
R v 2 4 1 4 c Rv2414c 1.6347421 0.29499188 0.022986693
R v 2 4 5 5 c Rv2455c 1.4844108 0.2486631 0.03251997
R v 2 4 8 5 c lipQ 2.018664 0.4510774 0.006152517
R v 2 5 2 6 Rv2526 3.8367374 1.7653503 0.038728762
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R v 2 5 2 8 c mrr 2.8794785 0.5886994 2.77E-04
R v 2 5 6 0 Rv2560 1.6586931 0.34497717 0.030798553
R v 2 6 6 1 c Rv2661c 3.4768615 1.6931226 0.025107337
R v 2 6 9 0 c Rv2690c 1.5255532 0.20720367 0.012526189
R v 2 6 9 9 c Rv2699c 1.7488116 0.29855865 0.011145867
R v 2 7 0 6 c Rv2706c 1.560859 0.18253803 0.012536407
R v 2 8 4 6 c efpA 1.8137734 0.33634046 0.005093748
R v 2 9 5 6 Rv2956 1.6838801 0.25199962 0.006340023
R v 2 9 7 3 c recG 1.7947754 0.22021058 9.08E-04
R v 3 0 8 2 c virS 1.9496365 0.24138127 1.88E-04
R v 3 1 7 1 c hpx 1.6661893 0.1796781 0.005176134
R v 3 3 5 4 Rv3354 2.155442 0.26130408 0.001036661
R v 3 3 6 6 spoU 6.2676225 0.2981981 6.71E-04
R v 3 3 8 1 c Rv3381c 1.4598416 0.17957738 0.02178676
R v 3 4 1 5 c Rv3415c 1.9086351 0.48849988 0.029963069
R v 3 4 2 7 c Rv3427c 2.4027724 0.700273 0.014538839
R v 3 5 0 9 c ilvX 1.4401174 0.19601236 0.031554855
R v 3 S 1 5 c fadD19 1.6849567 0.26166204 0.008724562
R v 3 7 1 8 c Rv3718c 1.6251253 0.21953727 0.00844292
R v 3 7 4 0 c Rv3740c 1.4378167 0.23297073 0.04732961
R v 3 8 2 8 c Rv3828c 5.5955906 1.7851133 0.002612302
R v 3 8 3 3 Rv3833 1.889671 0.18147595 5.17E-04
R v 3 8 6 4 Rv3864 1.989942 0.5057153 0.0240908
R v 3 8 6 5 Rv3865 1.6963046 0.364719 0.029670076
R v 3 8 7 4 esxB 2.0554237 0.48787552 0.009324612
R v 3 8 7 5 esxA 1.9419084 0.57695997 0.045691025
R v 3 8 7 8 Rv3878 1.4928358 0.25275406 0.042149145
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.2.c.iv Genes differentially expressed in exponential phase of Beijing 94-1576 stressed
compared to H37Rv stressed in response to oxidative stress
R v  n u m b e r G e n e  n a m e L o g  r a tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 1 1 6 c RvOl16c 1.6500857 0.27681103 0.030606914
R v 0 1 4 3 c Rv0143c 1.6671383 0.2559366 0.020795017
R v 0 1 7 5 Rv0175 1.7242924 0.40989488 0.036067016
R v 0 1 8 8 Rv0188 2.1400812 0.6285141 0.026469046
R v 0 2 0 2 c mmpLll 1.4765713 0.20867604 0.028191708
R v 0 2 3 8 Rv0238 1.5671571 0.22156078 0.015539109
R v 0 2 4 5 Rv0245 1.6721287 0.3158233 0.041680824
R v 0 2 7 6 Rv0276 1.7815428 0.28822485 0.002937689
R v 0 2 9 8 Rv0298 1.9353838 0.2846525 0.006461836
R v 0 3 4 8 Rv0348 1.8768816 0.3441325 0.007712992
R v 0 4 8 5 Rv0485 1.420625 0.21786305 0.04505918
R v 0 4 9 1 regX3 2.2301702 0.55838907 0.005936212
R v 0 5 1 6 c Rv0516c 4.0007486 1.9033928 0.011444109
R v 0 5 4 9 c Rv0549c 2.855538 1.0561587 0.039258584
R v 0 5 5 0 c Rv0550c 2.3832564 0.36082873 0.029072741
R v 0 5 8 0 c Rv0580c 1.7376099 0.36310363 0.0383346
R v 0 5 9 2 Rv0592 8.702512 2.3230996 0.003925548
R v 0 5 9 3 IprL 4.457458 1.9157404 0.011751975
R v 0 5 9 4 Rv0594 2.9320364 0.63947016 0.007860567
R v 0 6 1 7 Rv0617 1.5661927 0.24446262 0.028266145
R v 0 6 5 4 Rv0654 2.0042715 0.42103586 0.016209416
R v 0 6 5 8 c Rv0658c 1.6707742 0.32753903 0.039283212
R v 0 6 6 8 rpoC 1.4057161 0.2040513 0.043587036
R v 0 7 1 3 Rv0713 1.8691238 0.22899944 0.001391486
R v 0 7 2 6 c Rv0726c 2.5091145 0.28744486 5.58E-05
R v 0 7 5 4 PE PGRS 3.3598022 1.2161243 0.004709859
R v 0 7 8 2 ptrBa 3.563423 0.49341705 8.05E-05
R v 0 7 9 4 c lpdB 1.6857795 0.3057969 0.020545926
R v 0 8 2 7 c Rv0827c 4.3417773 0.42158967 6.71E-05
R v 0 8 5 7 Rv0857 1.4504814 0.20079249 0.02764645
R v 0 9 5 3 c Rv0953c 2.162292 0.5398456 0.03128959
R v 0 9 9 0 c Rv0990c 3.2792108 1.11374 0.03957544
R v l0 4 8 c Rvl048c 2.5043256 0.44113824 6.85E-04
R v l0 5 0 Rvl050 3.7398221 2.1705732 0.038407754
R v l l l 7 R v l117 1.4918604 0.251674 0.045158822
R v l l 3 0 R v l130 1.7298732 0.36156714 0.023786306
R v l 131 gltAl 1.7149172 0.3541992 0.0172246
R v l l 4 5 R v l145 2.7652426 0.5509224 0.036291678
R v l 182 papA3 2.0985646 0.48270908 0.015737195
R v l2 0 5 R vl205 2.0168924 0.3826631 0.014033138
R v l2 1 6 c Rvl216c 2.0124831 0.3505254 0.00699601
R v l2 1 8 c Rvl218c 1.6907291 0.3469687 0.020889664
R v l 22 2 Rvl222 1.7865494 0.26839268 0.004609697
R v l2 6 5 Rvl265 1.7405313 0.25307685 0.003673695
R v l2 9 8 rpmE 1.6820742 0.2588975 0.004011069
R v l3 3 4 Rvl334 2.550071 0.56993365 6.21E-04
R v l3 3 5 Rvl335 2.7814271 1.1580695 0.027074337
R v l3 3 9 Rvl339 1.5889128 0.25979817 0.017791048
R v l3 4 0 rphA 1.7881199 0.35602644 0.011672912
R v l3 7 0 c Rvl370c 2.0708077 0.40373373 0.03348937
R v l3 7 1 Rvl371 2.531349 0.6945465 0.017730799
R v l4 6 6 Rvl466 1.4666396 0.23204516 0.038410816
R v l4 7 2 echA12 2.3157585 0.8012088 0.025333006
R v l4 9 0 Rvl490 1.663156 0.32231367 0.046814166
R v l4 9 1 c Rv1491c 2.6231177 0.24085476 1.35E-04
R v l5 0 9 R vl509 2.8296742 0.56155103 0.0036205
R v l6 2 2 c cydB 1.7093786 0.39252844 0.047807183
R v l6 4 5 c Rvl645c 3.3413503 1.032055 0.012072955
R v l6 5 3 argj 2.2538762 0.69401604 0.047924526
R v l6 6 1 pks7 3.1052206 0.3151152 2.91E-05
R v l6 7 2 c Rvl672c 2.0843763 0.57984537 0.020292822
R v l6 9 5 R vl695 1.6162051 0.23988256 0.023089012
R v l7 3 3 c Rvl733c 2.490552 0.5661639 0.013255686
R v l7 3 8 Rvl738 9.799933 4.7388854 0.005103256
288
Table 4.2.2.c.iv Genes differentially expressed in exponential phase of Beijing 94-1576 stressed
compared to H37Rv stressed in response to oxidative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 1 1 6 c RvOl16c 1.6500857 0.27681103 0.030606914
R v 0 1 4 3 c Rv0143c 1.6671383 0.2559366 0.020795017
R v 0 1 7 5 Rv0175 1.7242924 0.40989488 0.036067016
R v 0 1 8 8 Rv0188 2.1400812 0.6285141 0.026469046
R v 0 2 0 2 c mmpLl 1 1.4765713 0.20867604 0.028191708
R v 0 2 3 8 Rv0238 1.5671571 0.22156078 0.015539109
R v 0 2 4 5 Rv0245 1.6721287 0.3158233 0.041680824
R v 0 2 7 6 Rv0276 1.7815428 0.28822485 0.002937689
R v 0 2 9 8 Rv0298 1.9353838 0.2846525 0.006461836
R v 0 3 4 8 Rv0348 1.8768816 0.3441325 0.007712992
R v 0 4 8 5 Rv0485 1.420625 0.21786305 0.04505918
R v 0491 regX3 2.2301702 0.55838907 0.005936212
R v 0 5 1 6 c Rv0516c 4.0007486 1.9033928 0.011444109
R v 0 5 4 9 c Rv0549c 2.855538 1.0561587 0.039258584
R v 0 5 5 0 c Rv0550c 2.3832564 0.36082873 0.029072741
R v 0 5 8 0 c Rv0580c 1.7376099 0.36310363 0.0383346
R v 0 5 9 2 Rv0592 8.702512 2.3230996 0.003925548
R v 0 5 9 3 IprL 4.457458 1.9157404 0.011751975
R v 0 5 9 4 Rv0594 2.9320364 0.63947016 0.007860567
R v 0 6 1 7 Rv0617 1.5661927 0.24446262 0.028266145
R v 0 6 5 4 Rv0654 2.0042715 0.42103586 0.016209416
R v 0 6 5 8 c Rv0658c 1.6707742 0.32753903 0.039283212
R v 0 6 6 8 rpoC 1.4057161 0.2040513 0.043587036
R v 0 7 1 3 Rv0713 1.8691238 0.22899944 0.001391486
R v 0 7 2 6 c Rv0726c 2.5091145 0.28744486 5.58E-05
R v 0 7 5 4 PE PGRS 3.3598022 1.2161243 0.004709859
R v 0 7 8 2 ptrBa 3.563423 0.49341705 8.05E-05
R v 0 7 9 4 c lpdB 1.6857795 0.3057969 0.020545926
R v 0 8 2 7 c Rv0827c 4.3417773 0.42158967 6.71E-05
R v 0 8 5 7 Rv0857 1.4504814 0.20079249 0.02764645
R v 0 9 5 3 c Rv0953c 2.162292 0.5398456 0.03128959
R v 0 9 9 0 c Rv0990c 3.2792108 1.11374 0.03957544
R v l0 4 8 c Rvl048c 2.5043256 0.44113824 6.85E-04
R v l0 5 0 R vl050 3.7398221 2.1705732 0.038407754
R v l l l 7 R v l117 1.4918604 0.251674 0.045158822
R v l 130 R v l130 1.7298732 0.36156714 0.023786306
R v l l 3 1 gltAl 1.7149172 0.3541992 0.0172246
R v l 145 R v l145 2.7652426 0.5509224 0.036291678
R v l 182 papA3 2.0985646 0.48270908 0.015737195
R v l2 0 5 R vl205 2.0168924 0.3826631 0.014033138
R v l2 1 6 c Rvl216c 2.0124831 0.3505254 0.00699601
R v l2 1 8 c Rvl218c 1.6907291 0.3469687 0.020889664
R v l 22 2 R vl222 1.7865494 0.26839268 0.004609697
R v l2 6 5 Rvl265 1.7405313 0.25307685 0.003673695
R v l2 9 8 rpmE 1.6820742 0.2588975 0.004011069
R v l3 3 4 Rvl334 2.550071 0.56993365 6.21E-04
R v l3 3 5 Rvl335 2.7814271 1.1580695 0.027074337
R v l3 3 9 Rvl339 1.5889128 0.25979817 0.017791048
R v l3 4 0 rphA 1.7881199 0.35602644 0.011672912
R v l3 7 0 c Rvl370c 2.0708077 0.40373373 0.03348937
R v l3 7 1 Rvl371 2.531349 0.6945465 0.017730799
R v l 4 6 6 R vl466 1.4666396 0.23204516 0.038410816
R v l4 7 2 echA12 2.3157585 0.8012088 0.025333006
R v l4 9 0 R vl490 1.663156 0.32231367 0.046814166
R v l4 9 1 c Rvl491c 2.6231177 0.24085476 l'.35E-04
R v l5 0 9 R vl509 2.8296742 0.56155103 0.0036205
R v l6 2 2 c cydB 1.7093786 0.39252844 0.047807183
R v l6 4 5 c Rvl645c 3.3413503 1.032055 0.012072955
R v l6 5 3 argJ 2.2538762 0.69401604 0.047924526
R v l6 6 1 pks7 3.1052206 0.3151152 2.91E-05
R v l6 7 2 c Rvl672c 2.0843763 0.57984537 0.020292822
R v l6 9 5 R vl695 1.6162051 0.23988256 0.023089012
R v l7 3 3 c Rvl733c 2.490552 0.5661639 0.013255686
R v l 73 8 Rvl738 9.799933 4.7388854 0.005103256
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R v l7 7 7 R vl777 1.871242 0.339621 0.00946404
R v l8 2 9 R v l829 2.1037896 0.38875225 0.001553018
R v l8 3 1 Rvl831 2.4085884 0.3446439 5.06E-04
R v l8 6 1 Rvl861 2.3043752 0.54577315 0.009951256
R v l8 7 4 R vl874 1.9853975 0.34914488 0.001152044
R v l9 0 2 c nanT 1.5907251 0.24728836 0.030588467
R v l9 5 4 c Rv1954c 2.0978951 0.32259437 3.98E-04
R v l9 8 1 c nrdF 1.7830003 0.27713662 0.009845794
R v l9 8 3 PE PGRS 2.0643897 0.60287213 0.043846127
R v l9 9 3 c Rvl993c 5.2797995 1.5466248 3.06E-04
R v l9 9 4 c Rvl994c 4.381463 0.6569283 1.24E-06
R v l9 9 5 R vl995 2.4345922 0.4430811 0.039381154
R v l9 9 6 R vl996 10.987304 0.74413687 7.98E-04
R v 2 0 0 4 c Rv2004c 2.0500393 0.33786595 0.022359934
R v 2 0 0 5 c Rv2005c 2.2883909 0.59582025 0.014974635
R v 2 0 1 0 Rv2010 1.811021 0.37064505 0.022926044
R v 2 0 3 0 c Rv2030c 13.385254 3.1404524 2.84E-04
R v 2 0 3 2 Rv2032 4.373819 0.70360893 0.011676787
R v 2 0 9 8 c PE PGRS 1.952257 0.36745548 0.02370773
R v 2 1 6 7 c Rv2167c 1.702915 0.20593992 0.001715575
R v 2 2 2 5 panB 1.5257484 0.22121644 0.017683428
R v 2 2 5 1 Rv2251 2.9053767 0.74969405 0.021176746
R v 2 2 5 2 Rv2252 2.1984208 0.24873851 4.36E-04
R v 2 3 0 2 Rv2302 1.8959732 0.24542329 7.59E-04
R v 2 3 0 3 c Rv2303c 1.7248235 0.29468828 0.006148176
R v 2 3 5 5 Rv2355 1.7163168 0.24520592 0.002374001
R v 2 3 5 8 Rv2358 2.049 0.27396306 2.65E-04
R v 2 3 5 9 furB 1.8964847 0.3062357 0.028688477
R v 2 3 9 8 c cysW 4.1973953 1.8323809 0.009205524
R v 2 4 0 0 c subl 3.287607 0.98583066 0.017037766
R v 2 4 7 9 c Rv2479c 1.6766436 0.29385194 0.010215048
R v 2 4 8 4 c Rv2484c 1.46883 0.21061997 0.025156343
R v 2 4 9 7 c pdhA 1.4751267 0.20493098 0.020772196
R v 2 5 2 8 c mrr 14.847183 3.132441 0.004742849
R v 2 6 1 8 Rv2618 1.4634606 0.23178959 0.047167316
R v 2 6 2 1 c Rv2621c 2.1066065 0.31009516 7.42E-04
R v 2 6 2 3 Rv2623 2.26437 0.35674858 0.013910036
R v 2 6 4 9 Rv2649 1.7505268 0.2711603 0.003547113
R v 2 6 6 0 c Rv2660c 5.6786613 3.6912467 0.02706662
R v 2 6 6 2 Rv2662 4.8212137 0.5978922 0.001550538
R v 2 6 8 3 Rv2683 1.4157586 0.2063129 0.04414789
R v 2 6 9 0 c Rv2690c 1.8235372 0.3814679 0.018876253
R v 2 6 9 3 c Rv2693c 1.5858495 0.28816462 0.034836795
R v 2 6 9 9 c Rv2699c 4.7972374 1.6569977 0.002003713
R v 2 7 0 6 c Rv2706c 1.889758 0.3160307 0.001417007
R v 2 7 2 9 c Rv2729c 1.7044452 0.37798095 0.035159186
R v 2 7 8 7 Rv2787 2.2679465 0.54510176 0.011733076
R v 2 8 4 9 c cobA 1.6156272 0.24197468 0.023913907
R v 2 8 7 8 c mpt53 1.8083364 0.42303634 0.044538844
R v 2 8 9 3 Rv2893 2.2053878 0.7269442 0.047520835
R v 2 9 1 9 c glnB 1.6104947 0.3335382 0.039620582
R v 2 9 2 0 c amt 2.5842552 0.8880014 0.031670455
R v 2 9 3 7 drrB 2.2317114 0.5075776 0.003497757
R v 2 9 3 9 papA5 1.5880114 0.25899836 0.017679922
R v 2 9 7 2 c Rv2972c 2.0082924 0.51656234 0.016221112
R v 3 0 1 6 ipqA 1.6202004 0.2316657 0.009716087
R v 3 0 1 7 c Rv3017c 2.1596794 0.4263301 0.011405017
R v 3 0 5 3 c nrdH 1.9518588 0.4570838 0.01897471
R v 3 0 6 1 c fadE22 1.7790297 0.2525123 0.009742693
R v 3 0 8 1 Rv3081 4.280076 0.42645207 2.16E-08
R v 3 0 8 9 fadD 13 1.4627074 0.24080102 0.04350698
R v 3 1 1 9 moaE 4.9668202 1.5725906 0.001101459
R v 3 1 2 1 Rv3121 1.6555173 0.27210462 0.008603165
R v 3 1 2 7 Rv3127 3.0292187 0.4961232 0.021147098
R v 3 1 3 2 c Rv3132c 4.384758 2.1396685 0.007953079
R v 3 1 4 0 fadE23 1.7509465 0.42835063 0.044907093
R v 3 2 0 3 lipV 1.8634717 0.24821623 0.005468078
R v 3 2 0 5 c Rv3205c 2.3263118 0.69703215 0.0112101
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R v 3 2 2 1 c  
R v 3 2 2 2 c  
R v 3 2 3 0 c  
R v 3 2 3 2 c  
R v 3 2 3 8 c  
R v 3 2 4 1 c  
R v 3 2 8 7 c  
R v 3 3 2 6  
R v 3 4 1 6  
R v 3 4 2 7 c  
R v 3 4 3 1 c  
R v 3 5 4 8 c  
R v 3 6 0 1 c  
R v 3 6 0 2 c  
R v 3 6 5 5 c  
R v 3 6 8 4  
R v 3 7 8 4  
R v 3 8 2 8 c  
R v 3 8 3 1  
R v 3 8 3 3  
R v 3 8 6 2 c  
R v 3 8 8 9 c  
R v 3 8 9 1 c  
The Rv numbers;
Rv3221c 1.9052463 0.37380672 0.004333394
Rv3222c 2.668778 1.1406343 0.04020587
Rv3230c 1.8487818 0.21230458 6.85E-04
pvdS 1.4973065 0.21050765 0.023950104
Rv3238c 1.512032 0.22776353 0.028720213
Rv3241c 1.8491579 0.26837006 0.008203369
rsbW 1.5269775 0.24958842 0.041229498
Rv3326 1.5660051 0.2528615 0.019524446
whiB3 1.6159012 0.27193183 0.03575373
Rv3427c 1.7513683 0.4520499 0.0466041
Rv3431c 2.043317 0.33966106 0.002620342
Rv3548c 1.9633387 0.35470137 0.033475682
panD 2.0932148 0.25393042 9.18E-05
panC 1.9183524 0.33037424 0.001934682
Rv3655c 1.429077 0.21035424 0.0382617
Rv3684 1.6313704 0.25004098 0.02417881
epiB 1.9583793 0.39866945 0.0163745
Rv3828c 1.6837975 0.36509678 0.030556425
Rv3831 5.1149087 1.8893487 6.04E-04
Rv3833 1.561675 0.23572376 0.021310937
Rv3862c 5.1541386 1.3536489 9.71E-04
Rv3889c 1.7203974 0.2239813 0.003133423
Rv3891c 2.1330237 0.52769446 0.007913721
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Table 4.2.2.d.i Genes differentially expressed in stationary phase of H37Rv unstressed
compared to Beijing 94-1576 unstressed in response to oxidative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in  e x p r e ss io n S td E r r  P -v a lu e
R v 0 0 3 5 fadD34 2.172544 0.459153 0.03575
R v 0 0 4 2 c Rv0042c 2.348255 0.324625 0.025235
R v 0 2 8 4 Rv0284 2.365793 0.305572 0.021767
R v 0 2 8 5 PE 2.548517 0.352485 0.021166
R v 0 2 8 6 PPE 2.398601 0.306912 0.020727
R v 0 2 8 7 Rv0287 2.648608 0.343352 0.009711
R v 0 2 8 9 Rv0289 1.993479 0.29793 0.043866
R v 0 2 9 2 Rv0292 2.626889 0.301372 0.013819
R v 0 4 6 5 c Rv0465c 2.241072 0.508293 0.047874
R v 0 8 2 3 c Rv0823c 2.834054 0.495959 0.023684
R v 0 8 2 4 c desAl 4.75947 0.308059 0.001717
R v 0 8 8 3 c Rv0883c 2.030906 0.305996 0.042373
R v 0 9 9 3 galU 2.060128 0.32181 0.043673
R v l0 9 4 desA2 3.210589 0.309044 0.006741
R v l 18 7 rocA 2.166896 0.366981 0.044768
R v l3 4 9 R vl349 2.684244 0.304794 0.012968
R v 2 0 3 1 c hspX 2.403929 0.32104 0.022407
R v 2 1 6 1 c Rv2161c 1.995979 0.314239 0.048171
R v 2 2 4 3 fabD 2.971353 0.301413 0.008565
R v 2 2 4 4 acpM 2.443268 0.321096 0.020964
R v 2 3 7 8 c mbtG 1.90941 0.383791 0.049657
R v 2 3 7 9 c mbtF 2.105842 0.297843 0.034228
R v 2 3 8 0 c mbtE 3.148467 0.302067 0.006925
R v 2 3 8 4 mbtA 2.39898 0.318576 0.022265
R v 2 3 8 6 c trpE2 4.498568 0.327621 0.002337
R v 2 8 1 7 c Rv2817c 11.94777 1.035963 8.73E-04
R v 2 8 6 4 c Rv2864c 2.140636 0.324422 0.037438
R v 3 4 0 2 c Rv3402c 4.428947 0.715197 0.030254
R v 3 4 0 3 c Rv3403c 3.068095 0.305628 0.007803
R v 3 4 0 7 Rv3407 5.799059 0.405677 0.00158
R v 3 4 0 8 Rv3408 5.140813 0.489679 0.001996
R v 3 4 0 9 c choD 4.814791 0.314633 0.001724
R v 3 4 7 8 PPE 2.068376 0.308783 0.039699
R v 3 6 1 3 c Rv3613c 2.103733 0.318676 0.039071
R v 3 6 1 4 c Rv3614c 2.303182 0.312283 0.02541
R v 3 6 1 5 c Rv3615c 2.88345 0.309631 0.010126
R v 3 6 1 6 c Rv3616c 3.080602 0.636186 0.040361
R v 3 6 6 2 c Rv3662c 2.093041 0.319972 0.040268
R v 3 7 2 6 Rv3726 5.068658 0.618787 0.008064
R v 3 7 9 5 embB 2.159763 0.362574 0.044392
R v 3 9 2 1 c Rv3921c 2.284503 0.305038 0.025141
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.2.d.ii Genes differentially expressed in stationary phase of H37Rv stressed compared
Beijing 94-1576 stressed in response to oxidative stress
R v  n u m b er G e n e  n a m e L o g  r a tio  in e x p r e ss io n S td E r r  P -v a lu e
R v 0 0 5 4 ssb 2.217796 0.3746227 0.04215057
R v 0 0 5 6 rpll 2.767052 0.37355888 0.01714323
R v 0 1 8 5 Rv0185 2.9010463 0.3773503 0.014589375
R v 0 2 8 2 Rv0282 2.4262037 0.3728794 0.028775737
R v 0 2 8 3 Rv0283 2.4631805 0.3730145 0.027079912
R v 0 2 8 6 PPE 2.9335074 0.3738915 0.013737576
R v 0 2 8 7 Rv0287 3.4635425 0.37689903 0.007585741
R v 0 2 8 8 Rv0288 2.1552005 0.37434915 0.047547076
R v 0 2 8 9 Rv0289 2.3914206 0.3733005 0.030590912
R v 0 2 9 0 Rv0290 2.8922355 0.3741253 0.014513034
R v 0 2 9 2 Rv0292 2.3668487 0.3789323 0.032839686
R v 0 3 0 8 Rv0308 2.1856961 0.48037565 0.03815336
R v 0 3 1 0 c Rv0310c 2.6601422 0.63909155 0.04255268
R v 0 4 6 3 Rv0463 4.14014 0.40107304 0.001847933
R v 0 4 6 5 c Rv0465c 10.437963 2.161622 0.048495103
R v 0 6 7 3 echA4 2.3216352 0.3848281 0.034558937
R v 0 6 8 2 rpsL 2.4641433 0.37378472 0.027144363
R v 0 7 1 5 rplX 2.3838923 0.4113902 0.03726833
R v 0 7 1 6 rplE 2.8357708 0.38710833 0.016723374
R v 0 8 2 9 Rv0829 4.1859455 0.81775624 0.032150973
R v 0 9 9 7 Rv0997 2.2272549 0.38418582 0.043402474
R v l0 3 7 c Esat6 3.5541697 0.59137034 0.009414001
R v l0 4 7 R vl047 2.3645012 0.55366266 0.04339033
R v l0 7 6 lipU 2.5420291 0.38800472 0.025737228
R v l0 7 8 pra 2.9111543 0.37785432 0.014435929
R v l1 0 3 c Rvl103c 2.6483898 0.3779886 0.020806424
R v l1 8 6 c Rvl186c 6.291843 0.54733944 4.33E-04
R v l 19 6 PPE 4.2958655 0.37654942 0.003596553
R v l 19 8 R v l198 2.6510224 0.37912592 0.02084643
R v l2 0 8 R vl208 2.5083268 0.55531096 0.029688053
R v l2 1 1 R vl211 2.162783 0.38770998 0.04998999
R v l2 7 7 Rvl277 2.1526227 0.3795314 0.049027346
R v l2 7 9 R vl279 2.2002306 0.37415305 0.043492608
R v l3 4 4 R vl344 2.6650493 0.37481526 0.019971495
R v l3 6 1 c PPE 4.1320047 0.3766233 0.00410199
R v l3 8 7 PPE 2.165088 0.37463608 0.046691827
R v l4 8 9 c Rvl489c 2.2023091 0.39783967 0.048571125
R v l5 9 5 nadB 2.203194 0.3730832 0.043013673
R v l5 9 6 nadC 2.4086287 0.3753158 0.030013552
R v l6 3 1 Rvl631 2.2519774 0.38226444 0.04104802
R v l7 7 4 R vl774 2.5300274 0.3940862 0.027023014
R v l7 7 6 c Rvl776c 2.4732184 0.37564155 0.026999446
R v l8 7 1 c Rvl871c 2.6613407 0.4426212 0.010476482
R v l8 7 2 c lldD2 2.369977 0.3751633 0.03204614
R v l9 5 4 c Rvl954c 2.3886836 0.38239247 0.03217787
R v 2 0 1 5 c Rv2015c 3.6730702 0.37556285 0.006119735
R v 2 0 8 1 c Rv2081c 2.9974866 0.38192117 0.013204983
R v 2 1 3 7 c Rv2137c 2.2441068 0.3741345 0.04000621
R v 2 2 4 4 acpM 3.0248525 0.37563306 0.012354503
R v 2 2 4 5 kasA 3.322428 0.3797611 0.008941053
R v 2 2 4 6 kasB 2.9146729 0.37405822 0.014088795
R v 2 2 4 7 accD6 3.7215507 0.70841205 0.025447357
R v 2 3 0 1 Rv2301 2.344402 0.3855313 0.035291415
R v 2 3 4 6 c Rv2346c 2.7859328 0.37868172 0.017148608
R v 2 3 5 2 c PPE 11.417522 0.92283523 0.005668999
R v 2 3 6 6 c Rv2366c 2.220809 0.49087414 0.036517445
R v 2 4 2 1 c Rv2421c 2.5608194 0.39206737 0.0255001
R v 2 4 9 9 c Rv2499c 2.310873 0.3763118 0.035779662
R v 2 5 5 7 Rv2557 2.2414732 0.3832143 0.042056706
R v 2 5 7 9 linB 2.5485458 0.5778098 0.032834534
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R v 2 7 2 0 lexA 3.8576982 0.3823862 0.005347373
R v 2 7 2 1 c Rv2721c 2.233653 0.37507072 0.04099312
R v 2 7 3 6 c recX 2.2587078 0.4268372 0.026460385
R v 2 7 3 7 c recA 2.68213 0.37357533 0.019353196
R v 2 7 7 5 Rv2775 2.6489708 0.38417178 0.021452282
R v 2 7 8 9 c fadE21 2.457063 0.3761183 0.02779231
R v 2 7 9 1 c Rv2791c 3.2859678 0.37490532 0.009072526
R v 2 8 2 1 c Rv2821c 3.2011445 0.52966696 0.007912117
R v 2 8 2 3 c Rv2823c 3.091049 0.37621593 0.011432824
R v 2 8 8 5 c Rv2885c 2.984187 0.3744363 0.012915924
R v 2 9 7 7 c thiL 3.3101583 0.7790528 0.047712628
R v 2 9 7 8 c Rv2978c 3.1342354 0.37812084 0.010969349
R v 2 9 7 9 c Rv2979c 3.1062436 0.540989 0.009772793
R v 2 9 8 5 mutTl 2.2551224 0.38222367 0.04080044
R v 2 9 8 6 c hupB 2.7475924 0.3774946 0.017980957
R v 2 9 8 7 c leuD 5.460695 0.5422453 0.001013122
R v 2 9 8 8 c leuC 5.472948 0.80017537 0.014683888
R v 2 9 8 9 Rv2989 3.1656103 0.54366237 0.010260261
R v 2 9 9 5 c leuB 2.1650462 0.38528225 0.049191877
R v 2 9 9 6 c serA 2.3266969 0.49049753 0.02791661
R v 3 0 0 3 c ilvB 4.5770674 0.39774135 0.003247994
R v 3 0 1 9 c Rv3019c 2.5825255 0.42797333 0.01248425
R v 3 0 2 0 c PE 2.3295615 0.37454438 0.034296192
R v 3 0 2 3 c Rv3023c 2.4183512 0.54752904 0.03633844
R v 3 1 6 1 c Rv3161c 2.6574469 0.3735458 0.020064041
R v 3 1 8 9 Rv3189 7.988684 1.4753698 0.032139715
R v 3 2 0 1 c Rv3201c 4.3636956 0.8141928 0.028584102
R v 3 2 6 3 Rv3263 2.5903726 0.37788215 0.022694077
R v 3 2 9 6 lhr 2.440114 0.37315068 0.02815318
R v 3 2 9 7 nei 2.557691 0.38156807 0.024319153
R v 3 4 2 9 PPE 2.2850075 0.49097568 0.031476658
R v 3 4 7 7 PE 4.6289334 0.38215253 0.002890168
R v 3 4 7 8 PPE 3.7699318 0.3729523 0.005511358
R v 3 5 8 5 radA 2.7359307 0.37570155 0.018111233
R v 3 5 8 6 Rv3586 2.768635 0.3787858 0.017574795
R v 3 6 1 2 c Rv3612c 2.3021429 0.3764124 0.03636565
R v 3 6 1 3 c Rv3613c 2.5431404 0.5284418 0.024049466
R v 3 6 1 4 c Rv3614c 6.558204 0.5786713 9.26E-04
R v 3 6 1 5 c Rv3615c 4.927584 1.0498106 0.04868762
R v 3 6 1 9 c Rv3619c 2.7214046 0.38154477 0.019052703
R v 3 6 7 5 Rv3675 3.4076161 0.76032966 0.042642247
R v 3 7 1 0 IeuA 5.624814 1.1497123 0.04652485
R v 3 7 1 4 c Rv3714c 2.8580067 0.38135502 0.015764697
R v 3 7 3 4 c Rv3734c 3.0504344 0.37524095 0.011947806
R v 3 7 4 9 c Rv3749c 4.837783 0.40924242 0.00286704
R v 3 7 6 4 c Rv3764c 2.8417478 0.37445584 0.015547453
R v 3 8 4 9 Rv3849 2.3302312 0.5593959 0.045748103
R v 3 9 2 3 c mpA 2.5158312 0.38467032 0.026383212
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.2.d.iii Genes differentially expressed in stationary phase of Beijing 94-1576 unstressed
compared to H37Rv unstressed in response to oxidative stress
R v  n u m b er G e n e  n a m e L o g  r a tio  in  ex p r e ss io n S td E r r P -v a lu e
RvOOlOc RvOOlOc 2.386921 0.59927803 0.040531244
R v 0 0 5 8 dnaB 2.036824 0.38806453 0.03352708
R v 0 1 8 8 Rv0188 2.5973659 0.38196003 0.00825571
R v 0 2 1 1 pckA 3.632202 0.7096217 0.04700331
R v 0 2 6 3 c Rv0263c 2.0573087 0.37125903 0.02828712
R v 0 2 7 6 Rv0276 1.9161602 0.28605863 0.048866775
R v 0341 Rv0341 2.5672162 0.44551027 0.023051599
R v 0 3 5 0 dnaK 3.7938511 0.394935 0.001555268
R v 0 3 5 2 dnaJ 4.192085 0.5775654 0.016343525
R v 0 3 5 3 hspR 4.2227163 0.77013797 0.040299583
R v 0 5 1 6 c Rv0516c 4.223913 0.2945986 0.002335197
R v 0 5 4 9 c Rv0549c 2.2474108 0.412021 0.04762385
R v 0 5 6 3 htpX 2.0079105 0.2947567 0.041598566
R v 0 6 7 6 c mmpL5 2.1695414 0.3047228 0.031348012
R v 0 7 5 2 c fadE9 8.234166 0.30318794 3.05E-04
R v 0 7 5 3 c mmsA 8.422382 0.5817965 0.001741123
R v 0 7 9 6 Rv0796 2.2935708 0.30564657 0.014477825
R v 0 8 0 5 Rv0805 2.0875943 0.2908775 0.034020793
R v 0 8 2 7 c Rv0827c 9.68158 2.252581 0.011634011
R v 0 9 7 2 c fadE12 2.1222148 0.41516396 0.047236368
R v l0 7 2 R vl072 2.2159023 0.3063086 0.016302519
R v l0 7 3 R vl073 2.9016385 0.29049268 0.008716705
R v l3 6 9 c R vl369c 3.0997639 0.35158366 0.002144508
R v 1 3 9 7 c R vl397c 2.0695853 0.29365024 0.03601172
R v l4 6 0 R vl460 3.166031 0.6634246 0.048661236
R v l4 6 3 R vl463 3.8251395 0.6363971 0.030174732
R v l 4 6 4 R vl464 3.6958258 0.28892228 0.003557379
R v l6 2 3 c appC 3.2790167 0.32877076 0.0070532
R v l6 5 4 argB 2.205485 0.3114962 0.030437827
R v l6 5 5 argD 2.2594883 0.3093514 0.027070874
R v l7 8 4 R vl784 2.1589646 0.39014202 0.027589245
R v 2 0 5 2 c Rv2052c 2.4731278 0.31418115 0.01912092
R v 2 0 9 4 c Rv2094c 2.0446491 0.2898337 0.03710756
R v 2 1 0 6 Rv2106 2.2923281 0.2935908 0.023015969
R v 2 1 0 8 PPE 9.112303 0.3406296 2.86E-04
R v 2 1 1 5 c Rv2115c 2.00369 0.2949948 0.042064346
R v 2 1 6 7 c Rv2167c 2.5539393 0.30653757 0.015994081
R v 2 2 7 9 Rv2279 2.4291642 0.37674376 0.011388695
R v 2 3 9 9 c cysT 2.4708219 0.29937726 0.01747383
R v 2 4 5 4 c Rv2454c 2.45904 0.31052542 0.019133473
R v 2 4 6 1 c clpP 2.1867146 0.3212633 0.015413883
R v 2 4 9 5 c pdhC 2.3792458 0.29027066 0.019241074
R v 2 4 9 6 c pdhB 2.5828228 0.31420884 0.01604252
R v 2 5 9 0 fadD9 2.542434 0.5134088 0.023964461
R v 2 6 3 9 c Rv2639c 1.9693272 0.36943826 0.03803992
R v 2 6 4 9 Rv2649 2.4538746 0.35237712 0.008785917
R v 2 6 6 0 c Rv2660c 33.453594 8.941704 0.04570175
R v 2 6 6 1 c Rv2661c 3.7415009 0.3582129 0.005223569
R v 2 7 2 9 c Rv2729c 2.1192217 0.31651777 0.037345152
R v 2 7 4 3 c Rv2743c 2.0814826 0.3068966 0.03815162
R v 2 7 4 4 c 35kDa ag 2.182247 0.2900319 0.027802747
R v 2 7 8 0 aid 5.3537617 0.310555 5.74E-04
R v 2 7 9 2 c Rv2792c 4.378613 0.6342204 0.009483994
R v 2 8 1 4 c Rv2814c 2.4205546 0.3253068 0.012459455
R v 2 8 4 1 c nusA 2.1779928 0.33348393 0.03025447
R v 2 9 3 0 fadD26 2.1598635 0.31494704 0.03403808
R v 2 9 3 6 drrA 2.3327768 0.2985479 0.022074241
R v 3 1 3 4 c Rv3134c 2.0664353 0.3155028 0.041512683
R v 3 2 0 3 lipV 1.9670125 0.29637817 0.046194516
R v 3 3 2 6 Rv3326 2.452419 0.2891487 0.016839026
R v 3 3 8 0 c Rv3380c 2.3715367 0.29546964 0.020188056
R v 3 4 7 5 Rv3475 2.508215 0.30570602 0.017117636
R v 3 6 8 3 Rv3683 2.167509 0.29032984 0.028697137
R v 3 8 3 2 c Rv3832c 2.7940793 0.35564035 0.015000992
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R v 3 8 6 4
R v 3 8 6 7
R v 3 8 7 4
R v 3 8 7 9 c
R v 3 8 8 0 c
Rv3864
Rv3867
esxB
Rv3879c
Rv3880c
2.699032 0.3656383 0.005301235
2.0197828 0.39747626 0.038597677
3.5088894 0.29096812 0.004335361
3.9231095 0.3546004 0.001928992
1.9799211 0.29308185 0.0438952
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.2.d.iv Genes differentially expressed in stationary phase of Beijing 94-1576 stressed
compared to H37Rv stressed in response to oxidative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in e x p r e ss io n S td E r r P -v a lu e
R v 0 0 6 5 Rv0065 4.383455 0.40049234 0.00380033
R v 0 1 4 0 Rv0140 19.869442 1.4808815 0.00911396
R v 0 2 5 0 c Rv0250c 5.5781465 0.75223595 0.00817427
R v 0 2 5 1 c hsp 7.113149 0.9057211 0.01187265
R v 0 3 3 2 Rv0332 14.854442 2.3027682 0.03064969
R v 0 3 4 8 Rv0348 2.413778 0.51556766 0.02586443
R v 0 3 5 0 dnaK 2.9434075 0.3919306 0.01487452
R v 0351 grpE 2.4356709 0.40937775 0.03384691
R v 0 3 8 4 c clpB 4.1703305 0.76456183 0.01967447
R v 0 6 7 6 c mmpL5 2.2682898 0.39961058 0.04328607
R v 0 6 7 7 c mmpS5 2.858565 0.39459282 0.01683764
R v 0 6 7 8 Rv0678 2.243223 0.40328667 0.04611834
R v 0 7 5 1 c mmsB 4.894085 0.99850297 0.03725525
R v 0 7 9 4 c lpdB 2.6605806 0.40109512 0.02292165
R v 0 8 2 6 Rv0826 4.9204626 0.4024969 0.00262512
R v 0 9 9 1 c Rv0991c 3.0272224 0.65541315 0.02565431
R v l0 4 9 Rvl049 5.9119425 0.9908157 0.0244419
R v l 221 sigE 9.850142 1.4827546 0.02859376
R v l2 2 2 R vl222 2.2013702 0.39627966 0.04830468
R v l 2 65 R vl265 2.5178747 0.40299505 0.02875315
R v l2 9 8 rpmE 3.8777585 0.39513668 0.00560565
R v l2 9 9 prfA 2.805458 0.5746614 0.0179092
R v l3 0 4 atpB 2.3462281 0.39596033 0.03700161
R v l3 3 4 Rvl334 4.820608 0.39543796 0.00270884
R v l3 3 5 Rvl335 3.4939368 0.43986008 0.00292256
R v l3 3 6 cysM 6.2076836 0.39349434 0.00120319
R v l3 3 7 Rvl337 3.696784 0.8599142 0.04431308
R v l3 9 8 c Rvl398c 2.4260817 0.39151308 0.03159178
R v l4 6 9 ctpD 2.5549712 0.5532706 0.02397968
R v l4 7 1 trxB 23.016676 0.39441925 2.99E-05
R v l6 2 3 c appC 7.160682 0.9505825 0.01406591
R v l6 7 2 c Rvl672c 6.831876 0.3968172 9.12E-04
R v l6 7 4 c Rvl674c 6.3791356 1.2896484 0.03779609
R v l6 7 6 R vl676 2.3944201 0.39127025 0.03328653
R v l7 3 8 Rvl738 2.394782 0.44242075 0.04195638
R v l7 6 6 R vl766 2.3845563 0.4918584 0.02723972
R v l8 4 6 c Rvl846c 3.4336784 0.3924415 0.00847445
R v l8 7 4 R vl874 3.5865712 0.3969762 0.00742669
R v l8 7 5 R vl875 3.8709903 0.704122 0.01601035
R v 2 0 1 0 Rv2010 4.8238077 0.45878443 5.28E-04
R v 2 0 3 1 c hspX 5.6592975 0.43852848 0.00199262
R v 2 2 0 3 Rv2203 2.7107706 0.39908534 0.02110721
R v 2 4 5 3 c Rv2453c 2.5673826 0.40087038 0.02634373
R v 2 4 5 4 c Rv2454c 3.2569177 0.3960254 0.01043883
R v 2 4 6 0 c clpP2 2.5243866 0.39332375 0.02716358
R v 2 4 6 5 c rpi 4.352705 0.39078954 0.00370546
R v 2 4 9 7 c pdhA 2.8215656 0.39112526 0.01739409
R v 2 6 4 1 Rv2641 3.0857575 0.4045843 0.01327059
R v 2 6 9 9 c Rv2699c 6.576211 0.76019895 0.00557648
R v 2 7 0 6 c Rv2706c 6.351531 1.3471122 0.04738521
R v 2 7 0 7 Rv2707 4.380162 0.40138182 0.00382671
R v 2 7 1 0 sigB 2.843468 0.3948123 0.01719941
R v 2 7 8 7 Rv2787 2.2327764 0.43644768 0.04597625
R v 2 9 3 0 fadD26 2.351302 0.39335486 0.03621968
R v 2 9 3 1 ppsA 3.422145 0.80273086 0.02942011
R v 3 0 9 8 c Rv3098c 2.5448284 0.40281564 0.02753663
R v 3 1 2 1 Rv3121 3.0759258 0.46503532 0.0060982
R v 3 1 5 3 nuol 2.4429533 0.3973448 0.03159577
R v 3 2 0 5 c Rv3205c 4.319841 0.5716664 0.00254242
R v 3 2 0 6 c moeZ 6.362338 0.75610906 0.00599711
R v 3 2 9 0 c lat 2.175469 0.39134362 0.0496141
R v 3 3 5 0 c PPE 2.2246969 0.41277266 0.04984929
R v 3 4 5 9 c rpsK 2.2312737 0.39277446 0.04489271
R v 3 4 6 1 c rpmJ 3.035337 0.39150274 0.01322737
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Rv3463 Rv3463 39.47589 6.8110576 0.02922892
Rv3831 Rv3831 6.017805 0.5230834 2.93E-04
Rv3913 trxB2 4.0409093 0.6445607 0.00797152
Rv3914 trxC 7.543711 0.39124238 6.58E-04
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.3.a.i Gene differentially expressed in exponential phase of Beijing 94-1707 unstressed
compared to Beijing 94-1707 stressed in response to oxidative stress
R v  n u m b e r G e n e  n a m e L o g  r a tio  in e x p r e ss io n S td E r r P -v a iu e
R v 0 0 8 0 Rv0080 3.059824 0.51343095 0.021779055
R v 0 1 4 0 Rv0140 43.280106 3.7990065 0.012415599
R v 0 1 4 1 c Rv0141c 29.030575 6.0916944 0.037868407
R v 0 3 4 7 Rv0347 2.6561966 0.51526916 0.03724333
R v 0 3 5 0 dnaK 2.8233206 0.51613665 0.029650344
R v 0 3 8 4 c clpB 5.2480545 1.2961307 0.0449461
R v 0 8 1 4 c sseC2 3.2115111 0.5143275 0.018325012
R v 0 8 2 6 Rv0826 5.1672564 0.5540515 0.00423533
R v l0 5 1 c Rvl051c 2.7409194 0.55054516 0.037468217
R v l2 2 1 sigE 17.230837 0.93380445 5.38E-04
R v l3 3 5 Rvl335 4.8037095 0.51807654 0.004689325
R v l3 6 9 c Rvl369c 10.299706 1.2993289 0.012332183
R v l 4 6 0 R vl460 4.279726 0.7384951 0.004892245
R v l4 6 2 Rvl462 5.29884 1.2880738 0.044936135
R v l4 6 3 R vl463 3.1665766 0.8750985 0.04212409
R v l 4 6 4 R vl464 3.5425513 0.747039 0.012195244
R v l6 4 5 c Rvl645c 2.8562386 0.58521736 0.023657857
R v l6 7 2 c Rvl672c 3.198331 0.7285314 0.016760575
R v l9 0 9 c furA 3.8725739 1.0298606 0.04267714
R v l9 9 2 c ctpG 5.5465903 0.52734905 0.003065743
R v 2 0 1 0 Rv2010 3.877801 0.92178106 0.027851615
R v 2 1 6 7 c Rv2167c 6.653734 1.1288913 0.017166836
R v 2 2 0 3 Rv2203 4.340978 1.1001191 0.04258609
R v 2 2 0 4 c Rv2204c 4.7440963 0.516166 0.004848221
R v 2 3 5 5 Rv2355 7.601946 1.1505959 0.013983876
R v 2 3 9 9 c cysT 9.414934 1.3360757 0.015701441
R v 2 4 5 3 c Rv2453c 3.9429877 0.5988499 0.003421871
R v 2 4 5 4 c Rv2454c 4.015987 0.7813682 0.009748304
R v 2 4 6 5 c rpi 3.2031696 0.6315018 0.00994965
R v 2 4 7 9 c Rv2479c 4.691255 0.65238 0.001579638
R v 2 6 1 7 c Rv2617c 3.4233682 0.5178279 0.014774199
R v 2 6 4 9 Rv2649 6.652045 0.51758033 0.001681763
R v 2 6 6 0 c Rv2660c 4.351683 0.5462312 0.007207034
R v 2 6 9 9 c Rv2699c 7.4201922 0.85225207 0.001745959
R v 2 7 0 7 Rv2707 3.6446908 0.86984396 0.025640972
R v 2 7 9 2 c Rv2792c 3.1151898 0.5293058 0.021636656
R v 2 9 7 6 c ung 2.7775714 0.5353796 0.03380522
R v 3 1 1 8 sseC 3.0183363 0.81555307 0.035042048
R v 3 1 1 9 moaE 3.4959295 0.5150845 0.013576444
R v 3 1 8 7 Rv3187 5.523691 0.9802505 0.013751018
R v 3 2 0 1 c Rv3201c 2.6228666 0.54106665 0.042847116
R v 3 2 0 3 lipV 3.0329657 0.53496534 0.024352092
R v 3 2 0 5 c Rv3205c 5.7991 1.3099499 0.039151207
R v 3 2 0 6 c moeZ 18.572573 3.6204062 0.037924737
R v 3 2 2 1 c Rv3221c 4.8321323 0.53911674 0.004978693
R v 3 2 2 2 c Rv3222c 10.71368 2.089953 0.037661888
R v 3 3 6 6 spoU 3.0802586 0.58647364 0.027467623
R v 3 4 6 4 rmlB 13.218474 2.7834036 0.043375082
R v 3 4 6 5 rmlC 4.907014 1.1058284 0.030778447
R v 3 4 7 5 Rv3475 4.461844 1.0234944 0.029967139
R v 3 5 9 6 c clpC 2.6660588 0.5142525 0.03658262
R v 3 8 2 8 c Rv3828c 4.0419974 0.5298523 0.008693502
R v 3 8 3 9 Rv3839 3.6535459 0.5126825 0.011526577
R v 3 8 4 0 Rv3840 3.140386 0.5363736 0.021559086
R v 3 9 1 4 trxC 11.065134 1.117944 0.005470795
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.3.a.ii Gene differentially expressed in exponential phase of Beijing 94-1707 stressed
compared to Beijing 94-1707 unstressed in response to oxidative stress
R v  n u m b er G e n e  n a m e L o g  r a tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 5 8 dnaB 3.578557 0.499952 0.011795
R v 0 1 4 4 Rv0144 4.037316 0.810361 0.013349
R v 0 1 7 3 IprK 2.447678 0.503669 0.048994
R v 0 1 7 4 Rv0174 2.857708 0.511163 0.027814
R v 0 1 7 8 Rv0178 3.317317 0.881961 0.040558
R v 0 2 4 1 c Rv0241c 2.479206 0.54495 0.039193
R v 0 2 5 7 c Rv0257c 2.789311 0.59165 0.040197
R v 0 2 8 2 Rv0282 2.935568 0.584689 0.014342
R v 0 2 8 4 Rv0284 3.249919 0.505218 0.016955
R v 0 2 8 8 Rv0288 2.414055 0.567327 0.043047
R v 0 2 9 2 Rv0292 3.519499 0.497689 0.012395
R v 0 4 3 2 sodC 2.467368 0.508274 0.048287
R v 0 5 4 5 c pitA 4.138558 0.77836 0.009662
R v 0 6 3 6 Rv0636 2.483006 0.506856 0.046865
R v 0 6 8 2 rpsL 2.463475 0.497609 0.046708
R v 0 6 8 4 fusA 2.685871 0.498394 0.033511
R v 0 6 9 5 Rv0695 2.764115 0.762473 0.041283
R v 0701 rplC 5.472799 0.498746 0.002862
R v 0 7 0 3 rplW 3.932282 0.505281 0.008692
R v 0 7 0 6 rplV 3.807186 0.50057 0.009534
R v 0 7 0 7 rpsC 4.429136 0.49726 0.005643
R v 0 7 0 8 rplP 3.36045 0.503345 0.01493
R v 0 7 1 4 rplN 2.619643 0.505701 0.03791
R v 0 7 1 9 rplF 2.785964 0.658919 0.022745
R v 0 7 2 3 rplO 2.465555 0.504858 0.047823
R v 0 7 6 1 c adhB 3.02225 0.581401 0.012871
R v 0 7 7 3 c ggtA 2.663909 0.539016 0.0401
R v 0 8 2 4 c desAl 3.252862 0.559649 0.010374
R v 0 8 8 3 c Rv0883c 4.871681 0.548158 0.00162
R v 0 9 3 2 c pstS 2.647797 0.665754 0.030546
R v 0 9 5 1 sucC 3.438857 0.529027 0.011449
R v l0 7 8 pra 4.632316 1.155485 0.046147
R v l0 7 9 metB 2.48463 0.502543 0.046007
R v l0 9 5 phoH2 2.463694 0.499717 0.047061
R v l l l l c R v l l l l c 3.498705 0.499262 0.012735
R v l1 8 4 c Rvl184c 3.959935 0.508961 0.008609
R v l3 0 4 atpB 3.183292 0.708843 0.016262
R v l3 1 0 atpD 5.603161 0.500278 0.002673
R v l3 1 1 atpC 2.780762 0.771161 0.043245
R v l3 1 2 Rvl312 2.522725 0.52331 0.046758
R v l3 6 1 c PPE 10.57074 0.500428 4.03 E-04
R v l3 9 8 c Rvl398c 2.842898 0.496211 0.026791
R v l6 1 4 Igt 2.371847 0.591198 0.044952
R v l 6 3 0 rpsA 3.072099 0.496076 0.020078
R v l6 3 1 Rvl631 4.136361 0.964659 0.022825
R v l6 7 7 dsbF 2.909477 0.548085 0.029733
R v l6 9 7 R vl697 4.710402 0.504983 0.004751
R v l7 5 1 Rvl751 4.119356 0.569095 0.009389
R v l8 1 5 Rvl815 2.681851 0.530652 0.037954
R v l8 7 2 c IldD2 4.922047 0.918689 0.015169
R v l8 9 1 Rvl891 4.271517 0.518691 0.006922
R v l9 0 4 R vl904 2.924715 0.585014 0.033027
R v 2 0 5 4 Rv2054 2.903855 0.520244 0.027101
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R v 2 0 7 4 Rv2074 5.458492 0.808061 0.004312
R v 2 1 3 7 c Rv2137c 3.537995 0.573036 0.005771
R v 2 1 5 2 c murC 3.302596 0.936506 0.042813
R v 2 1 5 4 c ftsW 2.431451 0.617413 0.040942
R v 2 1 5 6 c murX 3.390187 0.638593 0.008346
R v 2 1 6 0 c Rv2160c 3.363217 0.936179 0.026884
R v 2 1 9 3 ctaE 3.515212 0.720013 0.011389
R v 2 1 9 6 qcrB 3.693779 0.991094 0.047235
R v 2 2 1 6 Rv2216 2.985982 0.703573 0.020868
R v 2 2 3 8 c ahpE 2.595341 0.625525 0.029846
R v 2 6 0 4 c Rv2604c 2.435615 0.62835 0.042598
R v 2 7 8 3 c gpsl 2.874609 0.500423 0.02612
R v 2 9 2 8 tesA 4.31758 1.117486 0.046295
R v 2 9 5 4 c Rv2954c 2.539523 0.673398 0.039279
R v 3 0 2 9 c fixA 3.181153 0.500216 0.017967
R v 3 1 5 2 nuoH 4.380296 1.07818 0.033667
R v 3 2 2 9 c desA3 2.71322 0.761122 0.045954
R v 3 3 7 7 c Rv3377c 3.115133 0.733259 0.017025
R v 3 3 7 8 c Rv3378c 2.745148 0.607461 0.044815
R v 3 4 4 3 c rplM 3.637689 0.503428 0.011291
R v 3 4 7 7 PE 18.55648 2.286741 0.015498
R v 3 S 2 8 c Rv3528c 2.541109 0.49985 0.041723
R v 3 5 8 3 c Rv3583c 3.120919 0.51471 0.01899
R v 3 6 1 3 c Rv3613c 4.155915 0.624698 0.002594
R v 3 6 1 4 c Rv3614c 6.659355 1.54722 0.047647
R v 3 6 1 5 c Rv3615c 5.343233 0.54022 0.002076
R v 3 6 4 8 c cspA 4.990293 0.51863 0.004154
R v 3 6 7 9 Rv3679 2.440051 0.589789 0.04391
R v 3 6 8 0 Rv3680 2.71244 0.50399 0.032968
R v 3 6 8 6 c Rv3686c 3.33448 0.547042 0.018056
R v 3 7 2 6 Rv3726 3.301578 0.500103 0.015705
R v 3 7 4 9 c Rv3749c 2.83546 0.504339 0.027913
R v 3 8 2 4 c papAl 3.0872 0.522639 0.021819
R v 3 8 5 4 c Rv3854c 2.730351 0.522239 0.034403
R v 3 9 2 1 c Rv3921c 4.557051 0.504882 0.005294
R v 3 9 2 2 c Rv3922c 5.293945 0.685926 0.001078
R v 3 9 2 3 c mpA 4.110543 0.503506 0.007426
The Rv numbers and gene names are based on the H37Rv genome (Cole et a l,  1998).
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Table 4.2.3.b.i Gene differentially expressed in stationary phase of Beijing 94-1707 unstressed
compared to Beijing 94-1707 stressed in response to oxidative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 6 2 celA 5.356868 0.541989 0.003614
R v 0 1 2 9 c fbpC2 2.662511 0.627099 0.031246
R v 0 1 6 4 Rv0164 3.334375 0.549437 0.018212
R v 0 1 6 7 Rv0167 8.120318 2.769411 0.034604
R v 0 1 6 8 Rv0168 4.258673 0.614087 0.009759
R v 0 3 7 9 sec 3.505412 0.695002 0.01595
R v 0 4 3 1 Rv0431 3.130977 0.541433 0.022195
R v 0 5 1 6 c Rv0516c 3.563502 0.524415 0.013148
R v 0 5 4 5 c pitA 2.890515 0.523499 0.027901
R v 0 6 3 6 Rv0636 2.837845 0.544423 0.032204
R v 0 6 5 5 Rv0655 4.72054 0.916941 0.015392
R v 0 7 0 2 rplD 3.795575 0.535136 0.010989
R v 0 7 0 4 rplB 3.58405 0.526005 0.012962
R v 0 7 0 7 rpsC 3.094805 0.558988 0.024622
R v 0 7 0 8 rplP 3.614938 0.540611 0.013274
R v 0 7 1 3 Rv0713 2.965354 0.849992 0.039551
R v 0 7 1 4 rplN 2.529598 0.693212 0.043119
R v 0 7 2 1 rpsE 3.888499 1.214272 0.047808
R v 0 9 3 6 pstA2 2.860385 0.664637 0.02022
R v 0951 sucC 2.99546 0.784027 0.028331
R v l0 7 0 c echA8 2.72055 0.617763 0.047814
R v l0 7 9 metB 3.646179 0.713377 0.007997
R v l l l l c R v l l l l c 2.983811 0.527748 0.025192
R v l2 3 0 c Rvl230c 3.727074 1.020783 0.047428
R v l3 0 5 atpE 4.623303 0.673855 0.00894
R v l3 0 7 atpH 4.099864 0.522718 0.008067
R v l3 1 0 atpD 3.768849 0.515412 0.010458
R v l3 1 1 atpC 3.79295 0.559343 0.012016
R v l3 2 2 R vl322 3.400434 0.968279 0.04098
R v l3 6 1 c PPE 4.267289 0.787769 0.008089
R v l5 0 8 c Rvl508c 2.605246 0.60391 0.037546
R v l6 1 1 trpC 5.34713 1.317219 0.041747
R v l6 1 3 trpA 5.342196 0.716058 0.001148
R v l6 1 4 Igt 7.153622 1.648312 0.044311
R v l8 8 4 c Rvl884c 2.601516 0.565645 0.048022
R v l8 9 1 Rvl891 3.106929 0.717153 0.016232
R v 2 1 9 3 ctaE 2.636427 0.520257 0.039026
R v 2 2 1 6 Rv2216 2.669628 0.525612 0.03793
R v 2 6 6 1 c Rv2661c 2.802476 0.636824 0.045343
R v 2 7 7 8 c Rv2778c 3.283817 0.556168 0.019693
R v 2 9 6 1 Rv2961 2.815772 0.654779 0.046933
R v 3 0 1 1 c gatA 2.696859 0.546157 0.039234
R v 3 0 4 8 c nrdG 2.784184 0.644549 0.046887
R v 3 1 4 6 nuoB 5.508416 1.47314 0.046992
R v 3 1 4 7 nuoC 3.463376 0.644406 0.021706
R v 3 1 4 8 nuoD 2.987469 0.554048 0.027535
R v 3 1 5 0 nuoF 3.861627 0.539918 0.01054
R v 3 1 5 2 nuoH 3.41377 0.555299 0.017103
R v 3 4 4 3 c rplM 2.542451 0.540576 0.048196
R v 3 4 7 8 PPE 3.238735 0.529155 0.01^8786
R v 3 5 8 4 ipqE 2.596446 0.541042 0.044533
R v 3 6 1 5 c Rv3615c 3.583996 0.609162 0.017272
R v 3 6 1 6 c Rv3616c 3.288437 0.543795 0.018756
R v 3 8 1 1 csp 3.641918 0.59027 0.005
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.3.b.ii Gene differentially expressed in stationary phase of Beijing 94-1707 stressed
compared to Beijing 94-1707 unstressed in response to oxidative stress
R v  n u m b er G e n e  n a m e L o g  r a tio  in  ex p r e ss io n S td E r r P -v a lu e
R v 0 0 7 9 Rv0079 5.706814 1.064396 0.011275
R v 0 0 9 4 c Rv0094c 4.217225 1.354859 0.02926
R v 0 1 4 0 Rv0140 54.21159 15.9163 0.00504
R v 0 1 4 1 c Rv0141c 43.36104 11.0849 6.80E-04
R v 0 2 5 1 c hsp 32.16116 7.758644 0.02893
R v 0 3 3 2 Rv0332 13.6479 2.848546 0.006317
R v 0 3 5 0 dnaK 3.817618 1.542478 0.045811
R v 0 8 3 9 Rv0839 12.05782 2.852887 0.00891
R v 0 9 9 1 c Rv0991c 14.10805 7.036928 0.033728
R v l3 3 6 cysM 16.60127 4.304266 0.038382
R v l3 3 7 Rvl337 10.00634 3.891222 0.025271
R v l3 3 8 murl 9.413135 1.952546 0.008451
R v l3 6 9 c Rvl369c 2.749301 0.588092 0.041941
R v l4 6 1 Rvl461 6.013964 1.097189 0.007968
R v l46 2 Rvl462 6.194315 1.20247 0.008698
R v l4 6 4 R vl464 4.923264 1.352623 0.010425
R v l4 7 1 trxB 48.8542 8.902923 3.02E-04
R v l4 7 2 echA12 12.84332 5.173111 0.018046
R v l9 0 9 c furA 10.61106 5.434164 0.043939
R v l9 9 2 c ctpG 16.11242 7.865705 0.029488
R v 2 1 1 5 c Rv2115c 3.867684 0.910346 0.019026
R v 2 2 0 3 Rv2203 6.63567 1.05326 0.006961
R v 2 2 0 4 c Rv2204c 6.636843 2.326433 0.014318
R v 2 2 4 3 fabD 4.730145 1.477013 0.038086
R v 2 3 8 0 c mbtE 6.825877 2.304085 0.029524
R v 2 3 8 1 c mbtD 6.110119 2.029687 0.032073
R v 2 3 8 2 c mbtC 6.503663 2.513874 0.040073
R v 2 3 8 3 c mbtB 7.282286 1.613977 0.012233
R v 2 3 9 7 c cysA 12.00358 5.434449 0.031621
R v 2 3 9 9 c cysT 12.71056 4.100046 0.007489
R v 2 4 5 3 c Rv2453c 8.113489 2.316784 0.006393
R v 2 4 5 4 c Rv2454c 7.830134 1.416556 0.003105
R v 2 4 6 6 c Rv2466c 63.68668 24.55215 0.045148
R v 2 6 1 6 Rv2616 15.39404 5.128852 0.014528
R v 2 6 9 8 Rv2698 11.26776 2.902948 0.005619
R v 2 7 0 6 c Rv2706c 15.62125 8.76793 0.017501
R v 2 7 0 7 Rv2707 5.653256 1.297553 0.017107
R v 2 7 1 0 sigB 6.070919 1.214348 0.004179
R v 2 8 4 6 c efpA 3.881942 0.803295 0.022494
R v 3 2 0 5 c Rv3205c 9.390114 2.679873 0.049796
R v 3 2 0 6 c moeZ 31.82896 10.82506 0.038044
R v 3 2 2 2 c Rv3222c 19.28449 4.519144 0.001392
R v 3 2 2 3 c sigH 17.18317 4.593981 0.023134
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R v 3 4 0 2 c
R v 3 4 0 3 c
R v 3 4 6 4
R v 3 4 6 5
R v 3 9 1 3
R v 3 9 1 4
Rv3402c
Rv3403c
rmlB
rmlC
trxB2
trxC
7.214357
7.295281
14.99058
9.319232
18.14572
22.45248
1.729355
2.114986
4.43121
2.942205
9.610559
6.271775
0.014398
0.020627
0.043608
0.019425
0.031806
0.038279
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.3.c.i Gene differentially expressed in exponential phase of H37Rv unstressed
compared to Beijing 94-1707 unstressed in response to oxidative stress
R v  n u m b e r G e n e  n a m e L o g  ra tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 3 5 fadD34 1.8978895 0.3713723 0.022143038
R v 0 0 4 2 c Rv0042c 3.0177946 0.63964045 0.014146927
R v 0 0 7 2 Rv0072 25.568281 6.420904 0.020695884
R v 0 0 7 4 Rv0074 6.0346437 0.38383263 0.001249741
R v 0 0 7 5 Rv0075 2.8217533 0.97711766 0.039159317
R v 0 0 9 9 fadDIO 2.1116776 0.5413212 0.04694823
R v 0 1 9 0 Rv0190 1.7675611 0.30239135 0.049018994
R v 0 2 5 2 nirB 2.0818298 0.36472797 0.03140831
R v 0 4 0 5 pks6 2.7462747 0.23658127 0.007193056
R v 0 4 2 8 c Rv0428c 1.8423624 0.3747266 0.030126017
R v 0 8 2 4 c desAl 2.001109 0.3454394 0.02767079
R v l0 3 2 c Rvl032c 2.1572876 0.337198 0.016097354
R v l1 0 2 c Rvl102c 4.183692 0.48841614 0.011396871
R v l 149 R v l149 1.8684583 0.36389464 0.023742663
R v l1 8 5 c fadD21 4.035548 0.5156985 1.36E-04
R v l1 8 6 c Rvl186c 2.4409504 0.34720764 0.008175965
R v l2 5 2 c IprE 2.3044467 0.3306015 0.010104836
R v l3 8 3 carA 2.4081278 0.5964985 0.017183384
R v l5 0 6 c Rvl506c 3.318766 0.8012206 0.019025985
R v l5 3 5 Rvl535 2.5299287 0.4957196 0.01783665
R v l5 7 7 c Rvl577c 4.3431387 0.7720586 0.025120405
R v l8 7 1 c Rvl871c 2.1477852 0.2349965 0.01987725
R v 2 0 8 1 c Rv2081c 2.3496108 0.43344823 0.043607313
R v 2 1 5 9 c Rv2159c 9.387088 0.8007268 2.22E-04
R v 2 2 6 3 Rv2263 3.0592344 0.24692528 0.0051703
R v 2 3 2 9 c narKl 5.8948507 2.8808339 0.043838553
R v 2 4 3 4 c Rv2434c 2.0320978 0.37253565 0.030572172
R v 2 5 4 2 Rv2542 1.7388902 0.28810406 0.0444145
R v 2 8 0 9 Rv2809 1.8112545 0.24879014 0.0402112
R v 2 9 0 5 IppW 2.011626 0.23934855 0.027777223
R v 3 0 9 3 c Rv3093c 2.531653 0.6397367 0.014367696
R v 3 4 0 8 Rv3408 18.707987 1.5247251 3.44E-04
R v 3 4 0 9 c choD 8.954079 3.3818266 0.024952345
R v 3 4 2 0 c riml 1.7957866 0.30232507 0.026900172
R v 3 4 2 9 PPE 2.2171845 0.3371635 0.004136059
R v 3 6 1 4 c Rv3614c 1.9413995 0.34902778 0.014220214
R v 3 6 1 5 c Rv3615c 2.4347985 0.32040662 0.002094948
R v 3 7 2 0 Rv3720 1.7119021 0.31157076 0.037524562
R v 3 7 2 6 Rv3726 4.6569514 1.5983917 0.041826658
R v 3 7 6 7 c Rv3767c 2.8943543 0.4735626 0.004800024
R v 3 7 9 6 atsH 1.7745386 0.37155223 0.036752623
R v 3 8 2 3 c mmpL8 2.2332876 0.4143433 0.04850593
R v 3 8 4 9 Rv3849 2.3149757 0.32217205 0.009136911
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
304
Table 4.2.3.c.ii Gene differentially expressed in exponential phase of H37Rv stressed compared
to Beijing 94-1707 stressed in response to oxidative stress
R v  n u m b er G e n e  n a m e  L o g  ra tio  in  ex p r e ss io n S td E r r P -v a lu e
R v 0 0 0 5 gyrB 2.697906 0.93228555 0.018146068
R v 0 0 0 6 gyrA 2.691649 0.6770406 0.002507357
R v 0 0 4 0 c mtc28 2.2379916 0.66882914 0.032518066
R v 0 0 4 6 c Rv0046c 2.9563427 0.9608687 0.006671654
R v 0 0 5 7 Rv0057 2.5301988 0.5103828 0.001688584
R v 0 0 6 0 Rv0060 2.1814225 0.6253513 0.021710632
R v 0 1 4 4 Rv0144 2.7792873 0.86845315 0.009883831
R v 0 2 8 0 PPE 5.7611165 1.3484418 2.85E-04
R v 0 2 8 4 Rv0284 2.6128392 1.0058788 0.046514243
R v 0 2 8 8 Rv0288 2.3260837 0.82188356 0.041022785
R v 0 3 4 3 Rv0343 2.6223674 0.7403419 0.013361196
R v 0 4 6 4 c Rv0464c 2.9840157 1.0585554 0.014653697
R v 0 4 6 5 c Rv0465c 3.8011518 1.7724855 0.020317376
R v 0 4 6 7 icl 2.7410064 0.83206624 0.044998907
R v 0 7 0 5 rpsS 3.7286994 1.9035603 0.032555513
R v 0 7 1 4 rplN 2.1068976 0.563713 0.018815584
R v 0 8 2 3 c Rv0823c 3.96517 1.0999551 0.00103361
R v 0 8 2 4 c desAl 6.386165 2.542935 0.003878444
R v 0 8 4 8 cysM3 2.5517633 0.7545272 0.036032535
R v 0 8 8 8 Rv0888 5.544906 3.5678365 0.04512511
R v l0 1 3 pksl6 2.0182319 0.51311445 0.03973807
R v l1 2 8 c Rvl128c 4.439061 1.455659 0.045153443
R v l l 6 2 narH 2.2336004 0.45301744 0.007432844
R v l1 8 5 c fadD21 3.070397 1.2477717 0.039225716
R v l l 9 2 R v l192 2.3165421 0.5529532 0.01692971
R v l3 7 8 c Rvl378c 2.1058211 0.5642474 0.04985386
R v l8 7 2 c lldD2 3.1991346 1.1251862 0.011386045
R v l9 4 6 c IppG 2.7564886 0.70394737 0.005647939
R v l9 8 7 R vl987 1.9466112 0.42451558 0.028283674
R v 2 0 1 4 Rv2014 2.6709855 1.0241891 0.040324017
R v 2 0 3 3 c Rv2033c 4.7267017 1.3537605 0.030896395
R v 2 0 5 6 c rpsN2 2.6806035 0.50431305 0.034529172
R v 2 5 9 0 fadD9 2.506227 0.82183254 0.03232299
R v 2 6 5 8 c Rv2658c 2.1801145 0.53039885 0.04920002
R v 2 8 2 4 c Rv2824c 3.4838188 0.98479676 0.047656707
R v 2 9 8 9 Rv2989 2.145432 0.7023213 0.042691614
R v 3 0 2 3 c Rv3023c 2.5234063 0.7506102 0.020358337
R v 3 1 1 5 Rv3115 2.5609999 0.566745 0.001629316
R v 3 4 0 8 Rv3408 14.913096 7.4181623 0.002479521
R v 3 4 0 9 c choD 6.2180886 3.1440368 0.010528475
R v 3 4 2 5 PPE 2.5006835 0.90020275 0.044094022
R v 3 4 7 8 PPE 5.4191923 2.8209975 0.014444289
R v 3 7 1 0 leuA 3.3426726 1.2625873 0.014210273
R v 3 7 1 9 Rv3719 2.2612119 0.4048825 0.002290616
R v 3 7 5 0 c Rv3750c 12.708307 11.273103 0.044080954
R v 3 7 6 8 Rv3768 2.772082 1.0942502 0.04377125
R v 3 8 2 2 Rv3822 5.5014434 2.7481782 0.016197303
R v 3 8 7 2 PE 2.4415407 0.541099 0.027506465
R v 3 8 7 4 esxB 2.128016 0.5643359 0.016166907
R v 3 8 8 1 c Rv3881c 1.8607259 0.4541897 0.046023928
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.3.c.iii Gene differentially expressed in exponential phase of Beijing 94-1707 unstressed
compared to H37Rv unstressed in response to oxidative stress
R v  n u m b er G e n e  n a m e L o g  r a tio  in ex p r e ss io n S td E r r P -v a lu e
R v 0 0 4 7 c Rv0047c 2.1575313 0.34689286 0.017378537
R v 0 0 7 9 Rv0079 24.604498 11.371179 0.020106802
R v 0 0 8 0 Rv0080 19.856627 6.1152434 3.75E-05
R v 0 0 8 2 Rv0082 3.4491246 0.7669206 0.030771151
R v 0 3 2 2 udgA 2.3003962 0.23389268 0.014570674
R v 0 4 4 9 c Rv0449c 2.293422 0.23020737 0.014310866
R v 0 5 9 2 Rv0592 8.310154 2.754026 0.002309505
R v 0 5 9 3 IprL 4.8740582 0.39785293 0.0021482
R v 0 6 4 8 Rv0648 2.7427847 0.2391618 0.006357268
R v 0 7 2 6 c Rv0726c 1.9054549 0.3426147 0.02919494
R v 0 7 9 5 Rv0795 2.1648433 0.39739424 0.024516886
R v 0 8 2 7 c Rv0827c 7.080392 0.729927 0.015408016
R v 0 8 4 1 c Rv0841c 1.8341007 0.22886023 0.039810777
R v 0 9 2 8 phoS2 2.2666588 0.36871675 0.015137997
R v 0 9 7 2 c fadE12 2.2104716 0.23786347 0.0179111
R v 0 9 7 5 c fadE13 2.3034775 0.54970515 0.03957955
R v l l 5 1 c Rvl151c 2.0274608 0.37765205 0.032125868
R v l 182 papA3 2.1903856 0.23100923 0.017615875
R v l2 6 8 c Rvl268c 3.1467237 0.39568806 0.009623966
R v l3 6 9 c Rvl369c 20.002094 16.480312 0.03568499
R v l3 7 0 c Rvl370c 2.5829444 0.3756265 0.007313726
R v l5 3 4 R vl534 2.4046679 0.2300978 0.011685388
R v l5 9 9 hisD 1.891247 0.4217759 0.041562043
R v l6 9 6 recN 2.0403357 0.23649468 0.025416384
R v l7 5 3 c PPE 1.7750337 0.2316375 0.04802433
R v l9 7 6 c Rvl976c 1.8876747 0.35859275 0.044238053
R v 2 0 0 7 c fdxA 3.2635138 0.9965608 0.035587303
R v 2 1 0 5 Rv2105 2.2169309 0.23390818 0.017114474
R v 2 1 6 8 c Rv2168c 2.448853 0.44492915 0.04483072
R v 2 2 4 5 kasA 4.053526 1.9688194 0.03445975
R v 2 2 4 7 accD6 2.3318977 0.6389386 0.047257014
R v 2 2 7 9 Rv2279 18.42729 15.927947 0.043208458
R v 2 3 5 5 Rv2355 17.707413 14.753771 0.040743794
R v 2 4 7 9 c Rv2479c 12.587525 8.559844 0.03301931
R v 2 4 8 0 c Rv2480c 2.0973926 0.24100588 0.02323136
R v 2 5 5 8 Rv2558 1.8795518 0.24495788 0.040106375
R v 2 6 3 4 c PE PGRS 2.0782943 0.46388197 0.013742237
R v 2 6 4 9 Rv2649 11.096212 5.6979675 0.016055021
R v 2 6 6 1 c Rv2661c 16.46567 4.299778 1.49E-04
R v 2 8 4 7 c cysG2 1.9144078 0.23653851 0.034345165
R v 2 9 3 7 drrB 2.2593446 0.70471084 0.037868317
R v 2 9 3 8 drrC 2.2849827 0.5680333 0.044915494
R v 3 0 8 1 Rv3081 4.419617 0.52664465 0.001111231
R v 3 1 0 6 fprA 2.1508048 0.23629808 0.01996549
R v 3 1 3 3 c Rv3133c 34.584152 14.145172 '0.002914792
R v 3 1 3 4 c Rv3134c 14.056377 6.687634 0.021838885
R v 3 1 8 2 Rv3182 3.3047996 0.38726193 0.002007763
R v 3 1 8 6 Rv3186 2.3364947 0.38520518 0.014210063
R v 3 1 8 7 Rv3187 15.334148 12.969576 0.048031498
R v 3 2 0 3 lipV 6.2338557 0.47296453 2.37E-06
R v 3 3 2 5 Rv3325 2.4914415 0.23266587 0.010303891
R v 3 3 2 6 Rv3326 12.563815 9.774269 0.04686832
306
R v 3 3 6 6 spoU 15.762988 1.2342297 0.01301354
R v 3 3 8 1 c Rv3381c 2.613703 0.36180577 0.006133854
R v 3 5 5 9 c Rv3559c 1.9846182 0.23012963 0.02744714
R v 3 7 5 2 c Rv3752c 2.6671104 0.43503898 0.005316744
R v 3 8 2 8 c Rv3828c 4.0918264 0.54719824 0.012206855
R v 3 8 2 9 c Rv3829c 44.239277 14.224316 0.001124377
R v 3 8 3 0 c Rv3830c 6.900042 1.6006378 0.009083437
R v 3 8 3 1 Rv3831 15.61848 6.8845353 0.007241811
R v 3 8 3 3 Rv3833 2.9164236 0.22864461 0.005322121
R v 3 8 6 6 Rv3866 1.9512546 0.3686777 0.03842022
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.3.c.iv Gene differentially expressed in exponential phase of Beijing 94-1707 stressed
compared to H37Rv stressed in response to oxidative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in  ex p r e ss io n S td E r r P -v a lu e
R v 0 0 7 9 Rv0079 5.059407 2.681299 0.028294
RvOOSO Rv0080 6.088165 3.35957 0.040789
R v 0 1 7 6 Rv0176 3.462762 0.660592 0.022787
R v 0 2 2 5 Rv0225 2.571747 0.543726 0.046622
R v 0 3 4 4 c lpqj 1.980956 0.463761 0.026497
R v 0 5 4 0 Rv0540 1.961873 0.495144 0.047453
R v 0 7 9 5 Rv0795 2.875695 0.666495 0.044924
R v 0 7 9 7 Rv0797 2.001578 0.45268 0.038428
R v l0 3 S c Rv1035c 10.71164 4.73059 0.032978
R v l l 4 4 R v l144 2.408816 0.579569 0.035396
R v l3 6 9 c Rv1369c 3.924756 2.032812 0.034483
R v l6 5 3 argJ 3.413967 0.814101 0.041644
R v l6 5 6 argF 2.963897 0.616614 0.003446
R v l6 5 7 argR 3.183943 0.610088 0.001828
R v l7 3 8 Rvl738 4.576218 0.745934 0.011293
R v l8 1 3 c Rvl813c 2.712056 0.895319 0.04115
R v l8 3 2 gcvB 1.805288 0.427366 0.046823
R v l9 0 0 c lipj 2.35756 0.5789 0.03969
R v 2 1 7 4 Rv2174 2.55528 0.982661 0.049386
R v 2 2 5 4 c Rv2254c 2.337075 0.660374 0.031917
R v 2 2 7 9 Rv2279 3.5928 1.657837 0.027051
R v 2 6 3 4 c PE PGRS 1.94659 0.420863 0.024035
R v 2 7 6 6 c fabG5 1.963994 0.487429 0.044792
R v 2 8 1 4 c Rv2814c 4.392251 2.476684 0.040242
R v 2 9 7 2 c Rv2972c 1.936943 0.446752 0.028503
R v 3 0 1 6 ipqA 2.177238 0.494217 0.041609
R v 3 0 4 7 c Rv3047c 3.076477 0.666062 0.035169
R v 3 0 8 1 Rv3081 2.263701 0.699134 0.03349
R v 3 1 2 3 Rv3123 2.026623 0.445005 0.034702
R v 3 1 3 0 c Rv3130c 6.406004 1.877556 0.004416
R v 3 1 3 4 c Rv3134c 2.306766 0.72455 0.033951
R v 3 1 4 7 nuoC 2.616997 0.67186 0.047486
R v 3 1 5 2 nuoH 2.536693 0.630554 0.033234
R v 3 1 8 7 Rv3187 3.155835 1.183191 0.016239
R v 3 2 6 9 Rv3269 2.40041 0.863864 0.04757
R v 3 6 0 0 c Rv3600c 2.103132 0.430054 0.035851
R v 3 6 0 3 c Rv3603c 2.082549 0.418444 0.035467
R v 3 7 4 4 Rv3744 2.017156 0.432813 0.046767
R v 3 8 3 2 c Rv3832c 2.601343 0.962399 0.036365
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.2.3.d.i Gene differentially expressed in stationary phase of H37Rv unstressed compared
to Beijing 94-1707 unstressed in response to oxidative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in e x p r e ss io n S td E r r P -v a lu e
R v 0 2 8 2 Rv0282 1.809578 0.448752 0.039732
R v  1 102c Rv1102c 2.125083 0.364661 0.011756
R v l l 8 5 c fadD21 6.88963 4.953123 0.033741
R v 1 3 4 7 c Rv1347c 3.06835 0.3921 0.003119
R v l8 7 0 c Rv1870c 2.332544 0.807804 0.044537
R v 2 0 8 0 IppJ 2.536639 0.808308 0.013912
R v 2 0 8 1 c Rv2081c 2.891028 0.69754 8.02E-04
R v 2 0 8 3 Rv2083 2.297021 0.322013 0.02726
R v 2 0 8 4 Rv2084 2.272967 0.369934 0.008545
R v 2 1 3 7 c Rv2137c 1.957969 0.515688 0.03386
R v 2 3 2 9 c narKl 1.950737 0.29092 0.046374
R v 2 3 7 7 c mbtH 2.226473 0.42453 0.02641
R v 2 3 8 0 c mbtE 3.139722 0.372898 3.01E-06
R v 2 5 9 0 fadD9 2.21992 0.29997 0.027531
R v 2 8 1 8 c Rv2818c 5.12942 0.68359 0.006605
R v 2 9 4 7 c pksl5 2.343213 0.636389 0.039774
R v 2 9 5 3 Rv2953 1.797667 0.330715 0.029195
R v 3 0 8 4 lipR 2.836472 0.960357 0.043326
R v 3 1 3 5 PPE 2.214078 0.38512 0.044704
R v 3 4 0 2 c Rv3402c 2.60634 0.334088 1.40E-04
R v 3 4 0 3 c Rv3403c 2.694805 0.46236 0.001175
R v 3 4 0 8 Rv3408 7.721814 3.630705 0.002368
R v 3 4 7 7 PE 7.005751 4.724903 0.014955
R v 3 6 8 6 c Rv3686c 2.025408 0.301204 0.041645
R v 3 7 0 6 c Rv3706c 4.570568 1.742395 0.013724
R v 3 7 3 4 c Rv3734c 1.820248 0.378104 0.016753
R v 3 7 5 0 c Rv3750c 39.43992 31.30743 0.003234
R v 3 8 2 2 Rv3822 5.438397 1.768048 8.24E-04
The Rv numbers and gene names are based on the H37Rv genome (Cole et a i,  1998).
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Table 4.2.3.d.ii Gene differentially expressed in stationary phase of H37Rv stressed compared to
Beijing 94-1707 stressed in response to oxidative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in  ex p r e ss io n S td E r r P -v a lu e
RvOOOS gyrB 2.3311017 0.6995825 0.04782227
R v 0 0 0 6 gyrA 3.005357 0.541429 0.001704147
R v 0 0 4 0 c mtc28 2.8541167 0.4937283 7.91E-04
R v 0 0 4 8 c Rv0048c 4.7884326 1.8834935 0.046666283
R v 0 1 4 4 Rv0144 4.386874 1.2192441 0.020296067
R v 0 2 0 6 c mmpL3 2.839463 0.7273712 0.004991555
R v 0 2 0 8 c Rv0208c 2.8288078 0.97522336 0.024916168
R v 0 2 8 0 PPE 2.4462419 0.79447 0.029361932
R v 0 2 8 4 Rv0284 4.178423 0.6412784 7.39E-04
R v 0 2 8 6 PPE 2.3335454 0.7287684 0.042106405
R v 0341 Rv0341 3.4326968 0.71900517 0.003817844
R v 0 4 5 0 c mmpL4 2.1310475 0.47241098 0.042055395
R v 0 4 5 1 c mmpS4 2.6534612 0.5720344 0.001496911
R v 0 4 6 4 c Rv0464c 8.661217 1.908695 2.67E-04
R v 0 4 6 5 c Rv0465c 17.50583 2.0801096 1.74E-05
R v 0 4 6 8 fadB2 4.2334933 0.81620634 0.001703979
R v 0 8 2 3 c Rv0823c 2.833834 0.53719693 0.005346227
R v 0 8 2 4 c desAl 4.51247 1.1361374 0.002702815
R v l0 4 7 Rvl047 3.5058277 0.93790025 0.01854535
R v l l0 2 c Rv1102c 2.332145 0.4218284 0.04272318
R v l l 6 2 narH 3.8427932 1.8765687 0.03990393
R v l3 4 3 c Rv1343c 2.3032527 0.5276762 0.008308078
R v l3 6 0 Rvl360 2.963875 1.1753573 0.036304254
R v l3 9 8 c Rvl398c 2.1871302 0.5145947 0.029209936
R v l5 4 3 Rvl543 2.4437304 0.6021625 0.008449727
R v l6 3 9 c Rvl639c 3.9715648 0.8892609 0.00716944
R v l8 7 0 c Rv1870c 4.68162 0.95303816 0.007743429
R v l8 7 2 c lldD2 3.7030156 0.5710038 3.73E-04
R v l9 8 6 Rvl986 2.1715207 0.58763754 0.045676753
R v 2 0 8 2 Rv2082 3.6456094 0.89313793 0.006170548
R v 2 2 2 5 panB 2.2139254 0.5983698 0.04236459
R v 2 3 8 0 c mbtE 2.1113532 0.46992943 0.020158783
R v 2 4 2 8 ahpC 3.6345112 1.3557619 0.018097218
R v 2 4 2 9 ahpD 2.3419669 0.49154997 0.009781854
R v 2 6 3 2 c Rv2632c 3.0411103 0.77407277 0.008793569
R v2641 Rv2641 4.925227 1.3836839 0.004298584
R v 2 6 5 9 c Rv2659c 3.2434301 0.6976314 0.031829726
R v 2 9 5 1 c Rv2951c 2.8194184 0.65923053 0.04500381
R v 3 1 3 9 fadE24 2.115053 0.5881567 0.03113982
R v 3 3 5 5 c Rv3355c 3.580943 1.4253583 0.036734972
R v 3 4 0 8 Rv3408 24.711088 4.1292944 1.81E-05
R v 3 4 0 9 c choD 9.903268 2.8241637 0.001298888
R v 3 4 7 8 PPE 13.035856 3.384611 0.001537298
R v 3 4 7 9 Rv3479 6.4779134 1.7088025 0.001331234
R v 3 6 1 4 c Rv3614c 5.575218 1.0530319 3.29E-04
R v 3 6 1 6 c Rv3616c 3.7843783 0.40162244 0.006298681
R v 3 6 4 2 c Rv3642c 4.921943 1.3079035 0.003622933
R v 3 6 8 9 Rv3689 2.3887708 0.5685369 0.021605527
R v 3 7 1 0 leuA 7.854433 2.8343806 0.001031171
R v 3 7 1 9 Rv3719 3.324318 0.76409996 0.006400017
R v 3 7 5 0 c Rv3750c 49.959225 44.662777 0.011796634
R v 3 7 6 3 ipqH 2.4495728 0.57179207 0.018489257
R v 3 8 2 2 Rv3822 11.470875 4.5262804 0.003106553
R v 3 8 3 9 Rv3839 2.1222053 0.45280647 0.016800571
R v 3 8 7 4 esxB 2.888849 0.60093665 9.14E-04
The Rv numbers and gene names are based on the H37Rv genome (Cole etal., 1998).
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Table 4.2.3.d.iii Gene differentially expressed in stationary phase of Beijing 94-1707 unstressed
compared to H37Rv unstressed in response to oxidative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 5 8 dnaB 2.544956 0.38075724 2.23E-04
R v 0 4 3 1 Rv0431 2.3210626 0.46972674 0.00293893
R v 0 4 7 2 c Rv0472c 2.040598 0.38216662 0.0088802
R v 0 4 9 1 regX3 4.030734 1.216322 0.00286496
R v 0 4 9 S c Rv0495c 2.3545785 0.468942 8.65E-04
R v 0 5 0 2 Rv0502 1.9128271 0.32922742 0.0031638
R v 0 5 0 6 mmpS2 2.0763211 0.45236096 0.00854606
R v 0 5 1 5 Rv0515 1.9989349 0.31232017 0.00303352
R v 0 5 4 5 c pitA 2.9689438 0.7713045 0.00111301
R v 0 5 5 7 Rv0557 3.2491896 0.8101627 7.94E-04
R v 0 7 8 2 ptrBa 3.1733441 0.56212634 0.00132156
R v 0 7 9 6 Rv0796 3.6543734 0.7334103 4.47E-05
R v 0 8 6 0 fadB 2.1715703 0.48360735 0.00514811
R v 0951 sucC 3.2522302 0.8455231 0.00366673
R v l0 3 7 c Esat6 2.3919992 0.33834884 4.00E-04
R v l0 4 7 Rvl047 2.5175323 0.5950028 0.0058995
R v l0 9 1 PE PGRS 3.9153333 1.2119204 0.0040772
R v l l3 3 c metE 2.0292969 0.4163577 0.00463616
R v 1 2 2 9 c mrp 2.2606006 0.52949023 0.00554631
R v l6 1 4 •gt 1.7895063 0.29674545 0.00771717
R v l6 3 0 rpsA 1.9791191 0.37673187 0.00348465
R v 2 1 0 6 Rv2106 4.0757303 0.8637423 6.31E-05
R v 2 1 6 7 c Rv2167c 5.1736345 2.3272562 0.0077087
R v 2 2 0 8 cobS 2.0147233 0.3597001 0.00685106
R v 2 2 1 6 Rv2216 2.2010777 0.3494753 5.40E-04
R v 2 4 6 8 c Rv2468c 2.600878 0.71681815 0.00527136
R v 2 6 0 6 c Rv2606c 2.1793978 0.43772 0.00333345
R v 2 6 3 4 c PE PGRS 2.4408789 0.49239317 7.42E-04
R v 2 6 4 9 Rv2649 3.5186067 1.1381744 0.00645685
R v 2 6 6 0 c Rv2660c 9.677404 4.4628882 0.00593939
R v 2 8 8 9 c tsf 3.7596848 1.4113619 0.00887868
R v 2 9 3 6 drrA 2.3529725 0.44784284 9.32E-04
R v 2 9 5 4 c Rv2954c 2.198871 0.4089127 0.00111767
R v 2 9 7 2 c Rv2972c 2.5490816 0.3530928 0.00662656
R v 2 9 8 5 mutTl 1.9767767 0.36314362 0.00755903
R v 2 9 8 6 c hupB 2.144459 0.3512881 0.00961041
R v 3 1 1 5 Rv3115 3.4343317 1.1686832 0.00825947
R v 3 1 3 4 c Rv3134c 4.0993414 0.42628738 5.98E-05
R v 3 1 4 9 nuoE 2.3709645 0.5373962 0.00593977
R v3 1 8 S Rv3185 3.8942506 0.8475283 9.90E-05
R v 3 1 8 7 Rv3187 3.861809 1.1373178 0.00296247
R v 3 2 0 3 lipV 2.7293565 0.6092363 0.00149737
R v 3 2 5 9 Rv3259 2.6780434 0.6325336 0.00308046
R v 3 2 6 0 c whiB2 2.26055 0.4451057 0.0089777
R v 3 2 6 6 c rmlD 2.1916113 0.48018008 0.00431355
R v 3 3 2 6 Rv3326 4.0984406 1.1017023 5.78E-04
R v 3 3 4 2 Rv3342 2.4912784 0.53614014 0.0022295
R v 3 3 8 0 c Rv3380c 3.6542053 0.7107855 3.34E-05
R v 3 4 7 S Rv3475 3.159611 0.98426473 0.00314402
R v 3 4 9 8 c Rv3498c 1.9519216 0.39775142 0.00698619
R v 3 7 1 7 Rv3717 3.122643 0.90735316 0.00344299
R v 3 7 6 4 c Rv3764c 3.1102939 0.7758821 0.0018994
R v 3 8 7 5 esat6 2.5151136 0.4009798 1.22E-04
The Rv numbers and gene names are based on the H37Rv genome (Cole et a l, 1998).
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Table 4.2.3.d.iv Gene differentially expressed in stationary phase of Beijing 94-1707 stressed
compared to H37Rv stressed in response to oxidative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in  ex p r e ss io n S td E r r P -v a lu e
R v 0 0 7 9 Rv0079 2.308197 0.669919 0.024164
R v 0 3 3 1 Rv0331 3.517366 0.99978 0.027834
R v 0 3 5 0 dnaK 2.837815 1.19427 0.047346
R v 0 4 0 9 ackA 2.012962 0.503058 0.038134
R v 0 6 6 7 rpoB 3.55562 1.1766 0.021537
R v l0 5 0 Rvl050 3.67103 1.1679 0.034022
R v l0 7 2 Rvl072 2.294493 0.792105 0.045214
R v l l 7 3 R v l173 2.862791 0.748595 0.010271
R v l2 1 5 c Rvl215c 2.460894 0.428636 0.035435
R v l2 2 1 sigE 3.855453 1.377611 0.007027
R v l3 3 4 Rvl334 2.805688 0.999691 0.029476
R v l3 3 6 cysM 4.708822 1.757456 0.008301
R v 2 2 0 4 c Rv2204c 2.492606 0.812415 0.022789
R v 2 2 1 9 Rv2219 1.92796 0.540236 0.044737
R v 2 2 4 2 Rv2242 3.271281 1.046751 0.040581
R v 2 3 9 9 c cysT 5.676632 3.336001 0.030587
R v 2 4 5 4 c Rv2454c 2.73407 0.767204 0.006303
R v 2 4 6 7 pepD 2.048941 0.446875 0.027692
R v 2 4 7 9 c Rv2479c 9.23572 7.471054 0.044334
R v 2 6 4 9 Rv2649 5.198186 2.882778 0.033578
R v 2 6 9 3 c Rv2693c 5.386847 0.681818 0.002436
R v 2 7 0 6 c Rv2706c 2.572803 0.755551 0.010597
R v 2 7 0 7 Rv2707 3.33423 1.282015 0.018919
R v 3 1 1 7 cysA3 1.832391 0.423586 0.047106
R v 3 2 0 5 c Rv3205c 7.629385 5.593194 0.044097
R v 3 2 0 6 c moeZ 6.80624 3.400175 0.013543
R v 3 8 2 8 c Rv3828c 2.669028 0.680566 0.016297
R v 3 9 1 4 trxC 3.609738 1.29105 0.007826
The Rv numbers and gene names are based on the H37Rv genome (Cole et a l,  1998).
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Table 4.3.l.i. Gene differentially expressed in exponential phase of H37Rv unstressed
compared to H37Rv stressed in response to nitrosative stress
R v  n u m b er G e n e  n a m e L o g  r a tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 3 7 3 c Rv0373c 2.6284423 0.5889139 0.022952149
R v 0 5 5 4 bpoC 2.0718517 0.3776008 0.024089137
R v 0 5 9 5 c Rv0595c 2.1505833 0.5017453 0.03657631
R v 0 7 0 3 rplW 1.911728 0.3562006 0.04011746
R v 0 7 1 4 rplN 1.9188782 0.36938214 0.04291112
R v 0 7 2 3 rplO 1.8547826 0.35032174 0.046749618
R v l0 1 7 c prsA 1.9300028 0.359343 0.038597845
R v l0 8 3 Rvl083 3.2311897 0.6717791 0.002625865
R v l l 0 6 c Rv1106c 2.335071 0.47738454 0.009979943
R v l l l l c R v l l l lc 2.8672931 0.6455887 0.008256056
R v l l l 2 R v l112 2.3448951 0.44013172 0.020002488
R v l l 2 9 c Rv1129c 2.0566804 0.42753842 0.040380567
R v l2 1 2 c Rvl212c 1.9869336 0.3931132 0.040338106
R v l2 3 8 sugC 3.2859933 0.8141332 0.005481924
R v l2 5 5 c Rvl255c 2.3675876 0.5336774 0.03149698
R v l2 8 1 c oppD 1.9397109 0.37577108 0.0418432
R v l3 4 7 c Rvl347c 2.354243 0.50383 0.027992893
R v l3 5 9 Rvl359 3.5219824 1.6483672 0.04373854
R v l3 8 5 pyrF 1.9452825 0.36249253 0.0375295
R v 1 4 0 0 c lipl 2.531743 0.38509765 0.008822582
R v l5 1 8 Rvl518 3.7749963 0.67569095 0.01767547
R v l5 8 5 c Rvl585c 3.7827928 1.03039 0.016409377
R v 1 6 0 8 c bcpB 2.7941296 0.7369144 0.014425265
R v l6 9 8 R vl698 2.3741622 0.3791244 0.012355429
R v l7 5 3 c PPE 2.2749295 0.43704692 0.019984547
R v l7 6 6 R vl766 2.1523166 0.4555612 0.03620736
R v l7 9 7 R vl797 2.097159 0.40872228 0.03200583
R v l8 8 5 c Rvl885c 4.4905124 1.2302387 0.01315893
R v l8 9 4 c Rvl894c 1.9048789 0.37567428 0.046863154
R v l9 3 1 c Rvl931c 2.1392148 0.563636 0.046620086
R v 2 0 8 6 Rv2086 3.023152 0.4661782 0.005579005
R v 2 1 1 2 c Rv2112c 2.1785758 0.3811695 0.021108046
R v 2 2 0 8 cobS 2.3159542 0.41044047 0.017819114
R v 2 2 5 7 c Rv2257c 2.3782158 0.5452378 0.01653793
R v 2 3 2 8 PE 2.122032 0.44589934 0.037272032
R v 2 3 3 7 c Rv2337c 2.7188537 0.5113744 0.033589438
R v 2 3 5 7 c giys 2.08946 0.476615 0.04819521
R v 2 5 4 4 IppB 2.5942721 0.79470783 0.028847435
R v 2 5 7 2 c aspS 2.0029655 0.43287003 0.048800733
R v 2 9 5 0 c fadD29 1.760554 0.3485694 0.046074577
R v 2 9 5 2 Rv2952 3.0615966 0.61895156 0.006677895
R v 2 9 7 4 c Rv2974c 1.9180831 0.3758615 0.04492561
R v 3 1 5 0 nuoF 1.949393 0.35834914 0.035961878
R v 3 3 7 6 Rv3376 2.0696838 0.3948324 0.031724304
R v 3 6 1 3 c Rv3613c 2.9476273 0.74174774 0.009908753
R v 3 7 4 5 c Rv3745c 2.8003047 0.3545748 0.003887424
R v 3 7 4 7 Rv3747 2.3477693 0.41592857 0.01703836
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.3.1.ii Gene differentially expressed in exponential phase of H37Rv stressed compared
to H37Rv unstressed in response to nitrosative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 0 3 recF 2.7321792 0.9304831 0.01673059
R v 0 0 2 2 c Rv0022c 2.068722 0.6584726 0.04937911
R v 0 0 4 0 c mtc28 1.8279344 0.449738 0.04059353
R v 0 0 4 5 c Rv0045c 2.104127 0.46095985 0.012910258
R v 0 0 6 4 Rv0064 2.1564083 0.5466276 0.023054613
R v 0 0 8 5 hycP 2.1185713 0.34166548 0.04317922
R v 0 1 0 4 Rv0104 2.1990466 0.56162435 0.01183383
R v 0 1 0 6 Rv0106 1.874133 0.4987484 0.04007686
R v O llO RvOllO 2.3221812 0.74874216 0.034777325
R v 0 1 1 2 gca 2.19267 0.5464651 0.010032998
R v 0 1 8 2 c sigG 2.150582 0.50804687 0.017655812
R v 0 1 8 8 Rv0188 2.753547 0.73813564 0.00465491
R v 0 2 1 9 Rv0219 2.5224378 0.845915 0.03988502
R v 0 2 6 9 c Rv0269c 2.2397058 0.41484293 0.048924882
R v 0 4 0 0 c fadE7 2.2439623 0.50309116 0.00940859
R v 0 4 0 6 c Rv0406c 2.6580534 0.30122378 0.003276055
R v 0 4 1 4 c thiE 3.4144099 0.50899893 9.66E-04
R v 0 4 4 9 c Rv0449c 2.223017 0.3987345 0.046894427
R v 0 4 5 7 c Rv0457c 2.8124094 0.6663787 0.003168281
R v 0 4 6 5 c Rv0465c 3.0956345 0.7264946 0.001011258
R v 0 4 7 5 Rv0475 2.327914 0.84608656 0.04888016
R v 0 4 9 9 Rv0499 3.1220665 0.47900048 7.30E-04
R v 0 6 2 0 galK 1.8523331 0.35579488 0.048981294
R v 0 6 6 4 Rv0664 2.9564984 0.49315712 0.022869267
R v 0 6 7 8 Rv0678 1.9262042 0.4623673 0.03414064
R v 0 7 2 8 c Rv0728c 2.6789844 0.3890258 0.00654121
R v 0 7 2 9 xylB 2.3188367 0.5061378 0.014951076
R v 0 7 3 6 Rv0736 2.141134 0.3406709 0.017354948
R v 0 7 5 1 c mmsB 2.3732703 0.5805193 0.01668122
R v 0 7 5 2 c fadE9 2.6437397 0.49620333 0.001542136
R v 0 7 5 3 c mmsA 2.5551224 0.49186188 0.002785224
R v 0 7 6 8 aldA 2.9910712 0.39249602 0.003601788
R v 0 7 7 2 purD 2.1031463 0.3898726 0.027818397
R v 0 7 8 4 Rv0784 1.9089128 0.44557136 0.04028193
R v 0 7 9 1 c Rv0791c 2.2007143 0.5011454 0.01340437
R v 0 7 9 2 c Rv0792c 2.1059544 0.46140668 0.014508842
R v 0 8 1 7 c Rv0817c 2.5844219 0.5047371 0.01790328
R v 0 8 5 0 Rv0850 2.76206 0.38279375 0.01810406
R v 0 9 3 9 Rv0939 1.9788394 0.5338684 0.02892964
R v 0 9 4 4 Rv0944 2.605653 0.45627227 0.03184433
R v 0 9 5 3 c Rv0953c 1.9794079 0.42288083 0.049482364
R v 0 9 5 8 Rv0958 1.8887385 0.32651642 0.034795355
R v 0 9 7 4 c accD2 1.9616274 0.48680887 0.023541287
R v 0 9 7 6 c Rv0976c 1.873728 0.4266128 0.032943923
R v l0 2 6 Rvl026 1.906888 0.32782486 0.033012483
R v l l 8 9 sigl 2.3548222 0.4381776 0.007236966
R v l 2 5 9 Rvl259 2.0036595 0.34813654 0.028011216
R v l4 6 0 Rvl460 2.1727242 0.56487805 0.012442437
R v l 5 5 2 frdA 2.843698 0.4686003 0.007928348
R v l6 2 2 c cydB 2.1302023 0.5363096 0.02389489
R v l6 5 3 argj 1.8283321 0.44372246 0.047399696
R v l6 5 5 argD 1.8255152 0.42822444 0.04252866
R v l6 6 6 c Rvl666c 2.1077762 0.354673 0.021355323
R v l6 7 5 c Rvl675c 3.604091 0.57428455 0.015097902
R v l7 1 6 Rvl716 2.0974681 0.29887944 0.01383119
R v l7 1 7 Rvl717 2.6304874 0.50065696 0.020218858
R v l7 2 2 R vl722 2.0744317 0.42830238 0.038524486
R v l7 5 6 c Rvl756c 2.6944404 1.0194546 0.03414009
R v l7 6 4 R vl764 2.0762746 0.63574684 0.042524587
R v l9 0 3 R vl903 1.9365752 0.32404462 0.028947536
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R v 2 0 2 8 c Rv2028c 2.1856456 0.41172785 0.025412455
R v 2 1 0 5 Rv2105 1.7627909 0.31132302 0.048959102
R v 2 3 5 4 Rv2354 2.77045 0.41234618 0.002451543
R v 2 4 6 6 c Rv2466c 2.3119786 0.68427855 0.02429394
R v 2 4 8 0 c Rv2480c 2.3672075 0.31079063 0.007193291
R v 2 5 0 2 c accDl 1.7956376 0.45176277 0.045510255
R v 2 5 7 8 c Rv2578c 1.9879084 0.3123767 0.022131478
R v 2 6 1 0 c Rv2610c 2.1413248 0.32078847 0.006804433
R v 2 6 1 6 Rv2616 2.65209 0.83518255 0.03632031
R v 2 6 2 5 c Rv2625c 2.955721 0.30729702 0.001884397
R v 2 6 3 8 Rv2638 2.447032 0.40646097 0.032769334
R v 2 6 4 1 Rv2641 2.692373 0.7144917 0.013540918
R v 2 6 5 9 c Rv2659c 2.4936748 0.55027753 0.002273143
R v 2 6 6 7 clpX' 2.6647663 0.53314185 0.039233055
R v 2 6 8 3 Rv2683 2.1383753 0.55974984 0.03461029
R v 2 6 8 7 c Rv2687c 2.0910861 0.5535054 0.038586326
R v 2 6 9 8 Rv2698 1.8779958 0.4559171 0.048728555
R v 2 7 0 0 Rv2700 2.3523197 0.54414743 0.004980641
R v 2 7 2 6 c dapF 1.8363055 0.31537157 0.038397674
R v 2 7 2 9 c Rv2729c 2.3605876 0.5654715 0.011565427
R v 2 7 8 7 Rv2787 1.9686193 0.328799 0.02701649
R v 2 7 9 8 c Rv2798c 2.6499245 0.4178132 0.008527984
R v 2 8 0 7 Rv2807 2.5651627 0.534179 0.04555443
R v 2 8 7 2 Rv2872 12.654944 6.660374 0.030564148
R v 2 8 7 4 Rv2874 6.1670656 1.8161802 0.025218222
R v 2 9 8 1 c ddlA 1.9919246 0.3083978 0.020670027
R v 3 0 8 8 Rv3088 2.523771 0.6547106 0.004882459
R v 3 1 6 9 Rv3169 2.3430948 0.57531154 0.040409956
R v 3 1 7 0 Rv3170 2.2296195 0.3637418 0.016132372
R v 3 1 7 4 Rv3174 2.3962889 0.513192 0.026610244
R v 3 1 9 1 c Rv3191c 1.9212368 0.5502968 0.04494104
R v 3 2 9 7 nei 2.1932552 0.5378871 0.008686204
R v 3 3 2 5 Rv3325 1.8003232 0.31076542 0.042268373
R v 3 3 2 6 Rv3326 2.2517242 0.50426096 0.015147053
R v 3 3 4 4 c PE PGRS 2.428006 0.72385067 0.014886322
R v 3 3 9 1 acrAl 1.9430894 0.3297678 0.029640777
R v 3 3 9 5 c Rv3395c 1.9784659 0.33240423 0.026915688
R v 3 3 9 8 c idsA 2.8348448 1.0310155 0.04115164
R v 3 4 7 5 Rv3475 1.881843 0.35199323 0.027780995
R v 3 5 1 6 echA19 2.9710023 0.4757292 0.02094706
R v 3 5 5 0 echA20 2.2344737 0.3568557 0.004710845
R v 3 5 5 3 Rv3553 1.877267 0.34388378 0.041290715
R v 3 5 7 1 Rv3571 2.0386992 0.33862147 0.023305276
R v 3 5 7 5 c Rv3575c 2.3625846 0.4528109 0.046272513
R v 3 5 7 7 Rv3577 2.2634695 0.365563 0.014912791
R v 3 5 9 1 c Rv3591c 2.4448407 0.47361028 0.005898501
R v 3 6 1 1 Rv3611 1.958531 0.30984628 0.023887131
R v 3 6 4 3 Rv3643 1.850777 0.347882 0.046597473
R v 3 6 4 9 Rv3649 2.038823 0.32309338 0.020548042
R v 3 6 7 3 c Rv3673c 1.9472866 0.3918429 0.045327745
R v 3 7 3 4 c Rv3734c 2.409311 0.85760283 0.037104443
R v 3 7 7 1 c Rv3771c 2.9308834 0.4691922 0.006734779
R v 3 7 7 6 Rv3776 2.074565 0.49228135 0.016424168
R v 3 8 2 5 c pks2 1.8608941 0.46249223 0.046597593
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.3.2.a.i Gene differentially expressed in exponential phase of Beijing 94-1576 unstressed
compared to Beijing 94-1576 stressed in response to nitrosative stress
R v  n u m b er G e n e  n a m e L o g  r a tio  in  ex p r e ss io n S td E r r P -v a lu e
R v 0 1 5 2 c PE 4.928182 1.41965 0.011612
R v 0 4 3 9 c Rv0439c 6.558977 2.733104 0.023717
R v l0 8 0 c greA 6.012304 2.129311 0.003828
R v l2 2 4 Rvl224 3.306728 1.094444 0.022488
R v l3 7 4 c Rvl374c 7.307897 2.199042 0.01162
R v l3 8 8 mIHF 6.174343 2.41504 0.043198
R v l4 1 6 ribH 9.527369 3.116253 0.007964
R v l4 1 7 Rvl417 9.895229 4.131109 0.044817
R v l4 2 1 Rvl421 5.939869 2.446016 0.022769
R v l6 2 8 c Rvl628c 4.076878 1.511912 0.019277
R v l7 0 4 c cycA 3.785301 2.052277 0.046549
R v l 84 9 ureB 3.469177 1.512625 0.044784
R v 2 0 5 0 Rv2050 6.480994 2.16282 0.015373
R v2101 helZ 6.707126 2.220455 0.013239
R v 2 1 1 9 Rv2119 2.604486 1.018185 0.037674
R v 2 1 2 3 PPE 2.33774 0.4924 0.010904
R v 2 8 3 4 c ugpE 7.086827 3.410265 0.04699
R v 2 9 1 6 c ffh 6.993261 2.41078 0.030008
R v 2 9 9 2 c gits 3.987702 2.138113 0.044057
R v 3 2 6 2 Rv3262 3.300611 1.28235 0.02772
R v 3 2 6 3 Rv3263 4.355636 2.39709 0.047893
R v 3 3 5 2 c Rv3352c 4.385245 1.529321 0.008219
R v 3 8 7 0 Rv3870 4.470688 1.804165 0.017609
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.3.2.a.ii Gene differentially expressed in exponential phase of Beijing 94-1576 stressed
compared to Beijing 94-1576 unstressed in response to nitrosative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 4 8 0 c Rv0480c 2.946335 0.713464 0.046728
R v l 28 6 cysN 3.031492 0.606805 0.031065
R v l7 7 6 c Rvl776c 16.74033 6.235269 0.017028
R v 2 2 9 4 Rv2294 3.420611 0.637747 0.02222
R v 2 6 7 5 c Rv2675c 3.641695 1.140892 0.033736
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.3.2.b.i Gene differentially expressed in exponential phase of H37Rv unstressed
compared to Beijing 94-1576 unstressed in response to nitrosative stress
R v  n u m b er G e n e  n a m e L o g  r a tio  in  e x p r e ss io n S td E r r P -v a iu e
R v 0 2 6 0 c Rv0260c 2.063335 0.510859 0.024499
R v 0 3 6 7 c Rv0367c 2.580848 0.510913 0.017312
R v 0 4 9 3 c Rv0493c 2.615803 0.93799 0.044706
R v 0 7 0 9 rpmC 2.132089 0.617987 0.049635
R v 0 7 8 5 Rv0785 2.044494 0.490009 0.015878
R v 0 9 1 6 c PE 2.927794 0.635609 0.008715
R v 0 9 8 0 c PE PGRS 1.955873 0.47105 0.049544
R v l 0 5 7 R vl057 2.620659 0.411536 0.005132
R v l0 6 5 Rvl065 2.839569 0.512924 0.028674
R v l3 4 9 R vl349 1.810627 0.449693 0.045146
R v l4 6 8 c PE PGRS 2.481112 0.606586 0.01397
R v 2 0 4 6 lppl 5.348536 1.366288 0.02243
R v 2 3 2 7 Rv2327 2.046891 0.586076 0.034093
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.3.2.b.ii Gene differentially expressed in exponential phase of H37Rv stressed compared
to Beijing 94-1576 stressed in response to nitrosative stress
G e n e
R v  n u m b e r n a m e L o g  r a tio  in e x p r e ss io n S td E r r P -v a lu e
R v 0 4 0 1 Rv0401 2.187768 0.434231 0.029052
R v 0 4 9 2 c Rv0492c 2.278386 0.698051 0.021398
R v 0 6 8 0 c Rv0680c 2.830553 1.010159 0.02176
R v l4 4 0 secG 1.820114 0.402303 0.042298
R v l6 4 1 infC 2.201578 0.528266 0.046115
R v l7 3 4 c Rvl734c 2.329576 0.408196 0.016954
R v 2 0 3 0 c Rv2030c 1.849055 0.33049 0.041265
R v 2 5 5 0 c Rv2550c 4.678883 2.881795 0.041179
R v 2 6 9 4 c Rv2694c 1.94538 0.418129 0.036359
R v 2 9 3 7 drrB 2.606978 0.972089 0.034674
R v 2 9 8 5 mutTl 2.062896 0.541111 0.018936
R v 3 3 3 9 c icdl 2.566217 0.855355 0.047467
R v 3 6 3 7 Rv3637 2.347133 0.607776 0.022286
R v 3 8 2 8 c Rv3828c 2.279845 0.380312 0.014951
R v 3 8 3 5 Rv3835 2.197123 0.653153 0.040274
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.3.2.b.iii Gene differentially expressed in exponential phase of Beijing 94-1576 unstressed
compared to H37Rv unstressed in response to nitrosative stress
R v  n u m b er G e n e  n a m e L o g  r a tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 0 4 Rv0004 3.144881 0.529134 0.00104
R v 0 0 4 4 c Rv0044c 2.285955 0.758182 0.049797
R v 0 1 9 5 Rv0195 3.267082 0.944764 0.021777
R v 0 2 0 4 c Rv0204c 2.267692 0.6572 0.037859
R v 0 4 3 4 Rv0434 2.510866 0.62539 0.015052
R v 0 5 6 7 Rv0567 2.588316 0.529757 0.029079
R v 0 7 8 3 c Rv0783c 2.947609 1.139862 0.048382
R v 0 7 8 8 purQ 3.437217 0.931096 0.019798
R v 0 8 9 6 gltA2 3.229796 0.590691 0.003158
R v l5 0 4 c Rvl504c 2.016923 0.475187 0.036059
R v l6 3 9 c R vl639c 2.507108 0.502273 0.044371
R v l82 8 R vl828 2.400106 0.643552 0.010059
R v l8 8 5 c Rvl885c 2.717264 0.679174 0.012663
R v l9 8 0 c mpt64 4.623722 0.540395 0.005776
R v 2 2 3 9 c Rv2239c 2.279691 0.588153 0.026799
R v 2 3 0 5 Rv2305 5.6376 1.394339 0.019845
R v 2 4 0 7 Rv2407 2.043162 0.474942 0.037158
R v 2 4 2 8 ahpC 3.486176 1.021785 0.011412
R v 2 7 1 9 c Rv2719c 2.11905 0.546491 0.04241
R v 3 2 1 9 whiBl 2.544891 0.611128 0.017694
R v 3 3 5 5 c Rv3355c 3.158367 0.916197 0.038339
R v 3 8 2 2 Rv3822 2.445253 0.566684 0.011901
R v 3 8 7 4 esxB 2.559535 0.634192 0.032156
The Rv numbers and gene names are based on the H37Rv genome (Cole et a l, 1998).
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Table 4.3.2.b.iv Gene differentially expressed in exponential phase of Beijing 94-1576 stressed
compared to H37Rv stressed in response to nitrosative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in  e x p r e ss io n S td E r r P -v a iu e
R v 0 0 8 4 hycD 2.3148649 0.6315998 0.023836987
R v 0 2 3 5 c Rv0235c 3.3934908 1.2195134 0.039483313
R v 0 2 7 5 c fadD27 2.0570285 0.5076665 0.01861867
R v 0 2 8 2 Rv0282 2.372801 0.71696144 0.027467724
R v 0 2 8 3 Rv0283 6.3287334 3.068097 0.03073195
R v 0 2 8 4 Rv0284 4.515836 2.4841404 0.029656362
R v 0 2 9 2 Rv0292 2.9135678 0.8084174 0.003133741
R v 0 3 5 0 dnaK 2.3238654 0.5587912 0.024743872
R v 0 5 6 3 htpX 2.1415312 0.6864439 0.042279318
R v 0 6 9 1 c Rv0691c 2.71406 0.7606259 0.037748955
R v 0 9 7 2 c fadE12 3.2690892 0.63817805 0.001877947
R v 0 9 7 5 c fadE13 2.0345407 0.37703544 0.00473844
R v l3 2 3 fadA4 2.044938 0.42130208 0.040279504
R v l3 8 8 mIHF 2.9787385 0.7062703 0.04409045
R v l5 0 9 R vl509 2.673706 0.46138924 0.02943589
R v l9 1 2 c fadB5 2.1110892 0.56013 0.037276853
R v 2 1 4 4 c Rv2144c 2.3902807 0.66823286 0.035628002
R v 2 3 7 9 c mbtF 3.1690671 0.96092784 0.011270361
R v 2 5 0 4 c scoA 8.032891 4.7195973 0.018398935
R v 2 6 2 0 c Rv2620c 2.8593435 0.85465395 0.03906069
R v 3 2 0 6 c moeZ 2.8117435 0.825842 0.021736173
R v 3 4 1 7 c groELl 2.1807895 0.61067396 0.028356476
R v 3 4 1 8 c groES 1.8909394 0.42229596 0.03571211
R v 3 5 0 3 c fdxD 2.512681 0.5927671 0.029811252
R v 3 5 3 6 c Rv3536c 3.1414454 1.0420376 0.04091199
R v 3 5 7 2 Rv3572 2.0261915 0.47934204 0.035151105
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.3.3.a.i Gene differentially expressed in exponential phase of Beijing 94-1707 unstressed 
compared to Beijing 94-1707 stressed in response to nitrosative stress
Rv number Gene name Log ratio in expression S tdE rr P-value 
Rv0687 Rv0687 4.384543 1.80874 0.048157
Rv0774c Rv0774c 2.486879 0.596078 0.015719
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.3.3.a.ii Gene differentially expressed in exponential phase of Beijing 94-1707 stressed
compared to Beijing 94-1707 unstressed in response to nitrosative stress
Rv number Gene name Log ratio in expression S tdE rr P-value
Rv0083 Rv0083 5.500662 1.183878 8.59E-04
Rv0289 Rv0289 4.869944 2.915004 0.031139
Rv0468 fadB2 5.323273 1.120832 0.015489
Rv0475 Rv0475 3.457164 1.102972 0.013608
Rv0494 Rv0494 3.720783 1.107507 0.017838
Rv0541c Rv0541c 4.278135 1.475517 0.008391
Rv0851c Rv0851c 2.626951 0.913114 0.04989
Rv0904c accD3 2.325486 0.764398 0.040904
Rv0986 Rv0986 4.310463 1.775249 0.016751
Rvl544 R vl544 3.314904 1.07246 0.01966
Rvl596 nadC 3.051971 1.009705 0.043327
Rvl741 Rvl741 3.747027 1.539576 0.048771
Rv2281 pitB 2.396878 0.85529 0.045943
Rv2378c mbtG 3.094532 1.422791 0.044399
Rv2383c mbtB 3.207999 0.745847 0.007419
Rv2540c aroF 3.376578 0.974706 0.024393
Rv2689c Rv2689c 4.049401 1.041279 0.032182
Rv2711 ideR 4.40347 1.041195 0.009163
Rv2735c Rv2735c 5.021121 2.719333 0.045755
Rv2775 Rv2775 3.420917 1.229809 0.048036
Rv2966c Rv2966c 4.537271 2.202771 0.026488
Rv3167c Rv3167c 2.826803 1.055818 0.049708
Rv3261 Rv3261 4.340063 0.953542 0.021677
Rv3332 nagA 3.639345 1.097907 0.023399
Rv3449 Rv3449 3.376368 0.908494 0.045582
Rv3545c Rv3545c 3.0692 0.805994 0.023571
The Rv numbers and gene names are based on the H37Rv genome (Cole etal., 1998).
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Table 4.3.3.b.i Gene differentially expressed in exponential phase of H37Rv unstressed
compared to Beijing 94-1707 unstressed in response to nitrosative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in e x p r e ss io n S td E r r P -v a lu e
R v 0 1 0 9 PE PGRS 2.3436463 0.3040396 5.98E-04
R v 0 2 9 0 Rv0290 2.9478076 0.29436773 3.68E-05
R v 0 4 5 0 c mmpL4 2.885164 0.52988577 1.99E-04
R v 0511 cysG 2.320739 0.31781298 8.49E-04
R v 0 5 2 4 hemL 2.3083417 0.3035308 7.08E-04
R v 0 5 4 2 c menE 2.4771194 0.31696838 1.99E-04
R v 0 6 6 7 rpoB 2.756138 0.29423973 7.77E-05
R v 0 6 6 8 rpoC 2.7723107 0.4780296 1.16E-04
R v 0 7 0 0 rpsJ/nusE 2.2926815 0.312766 8.98E-04
R v 0701 rplC 2.7846518 0.29362082 6.84E-05
R v 0 7 9 6 Rv0796 7.9995575 1.3331472 1.95E-05
R v l0 5 7 R vl057 3.114785 0.49136892 1.08E-04
R v l l 6 5 R v l165 2.6870537 0.51891464 4.21E-04
R v l l9 9 c Rvl199c 2.5181122 0.29484108 2.20E-04
R v l2 1 3 gigc 2.5705059 0.35218343 8.84E-05
R v l2 1 7 c Rvl217c 2.4124076 0.36351043 4.78E-04
R v l2 9 5 thrC 3.0721235 0.46988758 1.62E-05
R v l3 0 1 Rvl301 2.3278866 0.38148016 4.67E-04
R v l3 4 8 R vl348 2.6536684 0.5325426 6.05E-04
R v l3 6 9 c Rvl369c 11.522324 2.5659635 7.69E-05
R v l3 9 6 c PE PGRS 2.2583702 0.3873242 7.24E-04
R v l4 3 5 c R vl435c 2.4617898 0.31882894 4.38E-04
R v l 461 Rvl461 2.2548578 0.30339387 9.29E-04
R v l4 6 2 R vl462 2.7259915 0.39698595 2.71E-05
R v l 59 6 nadC 2.6073608 0.2985173 1.58E-04
R v l6 4 4 tsnR 2.5681334 0.30418217 2.09E-04
R v l6 9 5 R vl695 2.4338279 0.30300844 3.79E-04
R v l7 3 3 c Rvl733c 5.5441756 0.9248679 2.72E-05
R v l7 3 7 c narK2 5.426649 0.769441 4.97E-06
R v l7 5 6 c Rvl756c 7.7873993 1.854264 2.17E-04
R v l 76 4 R vl764 8.98937 2.2462432 1.99E-04
R v l8 1 2 c Rvl812c 2.8914702 0.3907748 5.37E-04
R v l8 4 2 c Rvl842c 2.5888758 0.35719556 4.60E-04
R v l9 9 6 R vl996 3.4170954 0.774468 9.80E-04
R v 2 0 0 7 c fdxA 4.806463 1.0049155 1.44E-04
R v 2 0 1 0 Rv2010 4.096814 0.69522005 1.14E-04
R v 2 0 3 0 c Rv2030c 3.7030306 0.6092397 1.08E-05
R v 2 0 3 1 c hspX 5.0673947 0.74869 4.88E-06
R v 2 0 5 2 c Rv2052c 2.2970514 0.3170926 9.44E-04
R v 2 1 0 6 Rv2106 9.858325 1.8479798 3.31E-05
R v 2 1 6 5 c Rv2165c 2.3855207 0.3097182 5.38E-04
R v 2 1 6 7 c Rv2167c 6.7192664 0.79467046 5.63E-07
R v 2 2 4 5 kasA 2.4625113 0.29818878 3.03E-04
R v 2 2 4 6 kasB 3.0503895 0.53969395 1.12E-04
R v 2 2 7 9 Rv2279 8.447377 0.5164337 9.99E-12
R v 2 3 1 5 c Rv2315c 2.957908 0.56135637 3.62E-04
R v 2 3 2 6 c Rv2326c 2.2721388 0.32584205 5.40E-04
R v 2 3 5 5 Rv2355 6.3918705 1.5553076 3.19E-04
R v 2 4 6 5 c rpi 2.3853085 0.46381578 9.60E-04
R v 2 4 7 1 Rv2471 2.338806 0.33243904 9.84E-04
R v 2 4 7 9 c Rv2479c 5.4072843 1.1332709 1.49E-04
R v 2 4 8 4 c Rv2484c 2.3269057 0.3068657 6.83E-04
R v 2 5 1 2 c Rv2512c 2.4889138 0.37367815 9.24E-05
R v 2 6 2 3 Rv2623 4.034841 0.97023845 7.15E-04
R v 2 6 2 7 c Rv2627c 9.238624 2.4394073 2.88E-04
R v 2 6 3 4 c PE PGRS 2.6214821 0.31405511 1.97E-04
R v 2 6 4 9 Rv2649 7.192714 0.8496767 ' 4.72E-07
R v 2 6 6 6 Rv2666 2.3653734 0.29736412 4.77E-04
R v 2 7 8 2 c pepR 2.7831185 0.29801765 7.49E-05
R v 2 7 8 3 c gpsl 2.4679234 0.2930096 2.68E-04
R v 2 8 1 4 c Rv2814c 16.791012 6.7107034 7.57E-04
R v 2 8 3 9 c infB 2.726986 0.4373139 6.58E-05
R v 2 8 8 5 c Rv2885c 2.7520993 0.5082809 5.95E-04
R v 2 9 3 6 drrA 2.7083182 0.3756653 2.21E-05
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R v 2 9 4 6 c pksl 2.3215587 0.31042263 7.46E-04
R v 2 9 9 6 c serA 2.9057083 0.4499222 2.63E-05
R v 3 0 1 0 c pfkA 2.325663 0.3231808 9.05E-04
R v 3 0 1 1 c gatA 3.1094398 0.4098351 3.53E-06
R v 3 0 2 3 c Rv3023c 2.2998598 0.3017159 7.16E-04
R v 3 0 8 1 Rv3081 4.0496674 0.91067517 2.94E-04
R v 3 1 3 0 c Rv3130c 12.323526 1.6183418 3.75E-06
R v 3 1 3 2 c Rv3132c 3.37876 0.5124287 6.78E-06
R v 3 1 3 3 c Rv3133c 24.181522 8.363913 2.45E-04
R v 3 1 3 4 c Rv3134c 7.078242 1.7751422 3.66E-04
R v 3 1 5 6 nuoL 2.3623092 0.30194038 5.26E-04
R v 3 1 8 5 Rv3185 10.146702 1.6687614 1.28E-05
R v 3 1 8 7 Rv3187 5.8238764 0.4327387 9.21E-11
R v 3 2 6 7 Rv3267 2.264643 0.29520646 7.64E-04
R v 3 2 7 0 ctpC 3.3472216 0.3152694 1.38E-05
R v 3 2 8 3 sseA 2.7741547 0.29577333 7.44E-05
R v 3 2 8 5 accA3 2.271897 0.29363364 7.15E-04
R v 3 2 9 0 c lat 2.4824357 0.3491949 6.50E-04
R v 3 2 9 6 lhr 3.2659404 0.35355264 1.60E-06
R v 3 3 0 3 c lpdA 3.3051138 0.34657463 9.09E-05
R v 3 3 0 7 deoD 3.1381695 0.42952257 5.22E-06
R v 3 3 2 6 Rv3326 9.603762 1.6761622 2.09E-05
R v 3 3 2 9 Rv3329 2.646147 0.47594416 2.14E-04
R v3331 sugl 2.4081848 0.34752032 8.92E-04
R v 3 3 3 2 nagA 2.735636 0.33657527 1.80E-04
R v 3 3 3 6 c trpS 2.3465917 0.30928937 6.46E-04
R v 3 3 3 8 Rv3338 3.154636 0.44636866 4.60E-04
R v 3 3 6 9 Rv3369 2.5846746 0.46981156 9.31E-04
R v 3371 Rv3371 3.6038344 0.6756238 5.09E-05
R v 3 3 8 0 c Rv3380c 8.625852 2.1526 2.38E-04
R v 3 4 0 0 Rv3400 2.6383548 0.34732038 3.20E-04
R v 3 4 1 1 c guaB2 5.166861 1.013501 2.05E-04
R v 3 4 1 2 Rv3412 2.8655467 0.29722932 5.32E-05
R v 3 4 1 3 c Rv3413c 3.5792606 0.3800771 1.69E-07
R v 3 4 1 9 c gcp 3.709481 0.5180666 2.54E-06
R v 3 4 2 7 c Rv3427c 2.7409306 0.3164628 1.25E-04
R v 3 4 3 2 c gadB 3.0332575 0.65101874 5.95E-04
R v 3 4 4 2 c rpsl 2.3704746 0.30441308 5.28E-04
R v 3 4 5 1 Rv3451 2.8718288 0.41165704 7.27E-04
R v 3 4 5 5 c truA 2.771992 0.31300563 1.03E-04
R v 3 4 S 6 c rplQ 2.4315262 0.2920458 3.13E-04
R v 3 4 5 7 c rpoA 2.8971963 0.3544382 7.38E-06
R v 3 4 6 4 rmlB 3.1053824 0.304738 2.54E-05
R v 3 4 6 7 Rv3467 3.5247042 0.44291586 7.38E-07
R v 3 4 7 0 c ilvB2 3.5388837 0.8107812 6.31E-04
R v 3 4 7 5 Rv3475 8.676753 2.480272 4.70E-04
R v 3 4 9 6 c Rv3496c 3.2743275 0.34994066 1.04E-04
R v 3 4 9 8 c Rv3498c 3.2264023 0.5406599 8.61E-05
R v 3 4 9 9 c mce4 2.5656135 0.30487463 2.14E-04
R v 3 5 1 9 Rv3519 2.4592714 0.30147463 3.27E-04
R v 3 5 2 0 c Rv3520c 2.8967805 0.30006915 4.98E-05
R v 3 5 2 3 Rv3523 3.3257687 0.39475524 1.61E-04
R v 3 5 2 4 Rv3524 3.08832 0.4703042 1.93E-05
R v 3 6 0 2 c panC 3.4507835 0.7469 3.53E-04
R v 3 6 0 3 c Rv3603c 3.3549495 0.39741525 4.29E-06
R v 3 6 4 5 Rv3645 2.5423775 0.30865753 1.70E-04
R v 3 6 S 5 c Rv3655c 2.5906546 0.50802064 5.55E-04
R v 3 7 5 6 c proZ 3.2643 0.4508298 3.57E-04
R v 3 8 0 0 c pksl 3 2.276554 0.29610512 7.30E-04
R v 3 8 2 9 c Rv3829c 11.761799 2.8650236 \ 3.87E-04
R v 3 8 3 1 Rv3831 4.4968524 1.0673021 6.61E-04
R v 3 8 S 8 c gltD 2.275755 0.30080065 7.97E-04
R v 3 8 6 4 Rv3864 3.0475988 0.556609 1.57E-04
R v 3 8 6 8 Rv3868 2.3811824 0.2957011 4.28E-04
R v 3 8 7 3 PPE 2.3179812 0.29376355 5.66E-04
R v 3 8 9 3 c PE 3.160734 0.41406947 2.82E-06
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.3.3.b.ii Gene differentially expressed in exponential phase of H37Rv stressed compared
to Beijing 94-1707 stressed in response to nitrosative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 3 2 bioF2 2.241571 0.46485382 0.00251184
R v 0 0 6 2 celA 2.7339106 0.6119005 0.00562204
R v 0 0 9 4 c Rv0094c 3.1539643 0.78548676 9.06E-04
R v 0 2 4 1 c Rv0241c 2.886445 0.36693832 8.53E-05
R v 0 2 4 2 c fabG4 2.065954 0.40481612 0.00929336
R v 0 7 5 3 c mmsA 2.3580372 0.59353197 0.00622531
R v 0 9 7 4 c accD2 2.0242848 0.3228849 0.00446487
R v l5 8 8 c Rvl588c 2.3360605 0.37466738 0.00184706
R v 2 1 5 9 c Rv2159c 4.5482864 1.1834025 5.31E-04
R v 2 6 5 9 c Rv2659c 3.2868252 0.59499556 1.48E-04
R v 3 1 3 9 fadE24 3.5005426 1.0636611 0.00274244
R v 3 1 4 0 fadE23 2.6510248 0.6727153 0.00275111
R v 3 4 0 8 Rv3408 2.325092 0.48571196 0.00451905
R v 3 4 6 7 Rv3467 2.8314788 0.44135723 8.99E-05
R v 3 7 7 6 Rv3776 2.5049949 0.59137523 0.00516313
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.3.3.b.iii Gene differentially expressed in exponential phase of Beijing 94-1707
unstressed compared to H37Rv unstressed in response to nitrosative stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 0 8 c Rv0008c 3.089261 0.5239055 2.93E-04
R v 0 0 4 0 c mtc28 2.216623 0.37126413 8.49E-04
RvOOSS rpsR 2.3189123 0.38706818 0.00728724
R v 0 0 5 9 Rv0059 1.872548 0.29652157 0.00743956
R v 0 0 9 7 Rv0097 2.4208386 0.355589 1.72E-04
R v 0 0 9 8 Rv0098 3.5639484 1.1135335 0.00838762
R v 0 1 0 4 Rv0104 2.4815946 0.5582933 0.00260139
R v 0 1 2 1 c Rv0121c 2.2308235 0.50864136 0.00496167
R v 0 1 3 1 c fadEl 2.0729802 0.41619828 0.00448015
R v0161 Rv0161 2.1188154 0.395201 0.00326343
R v 0 1 8 2 c sigG 2.11679 0.34624344 0.00238267
R v0221 Rv0221 1.950412 0.36327052 0.00699999
R v 0 2 4 6 Rv0246 2.0252247 0.39977866 0.0090537
R v 0 2 7 9 c PE PGRS 2.835813 0.62209576 0.00553636
R v 0 3 8 1 c Rv0381c 2.6106088 0.69930387 0.00509702
R v 0 3 9 4 c Rv0394c 1.9948163 0.40572327 0.00777793
R v040S pks6 2.5949442 0.55605954 0.00172193
R v 0 4 2 0 c Rv0420c 2.5623987 0.5926197 0.00208859
R v 0 4 3 5 c Rv0435c 2.2511528 0.49326953 0.0037055
R v 0 4 4 3 Rv0443 2.3050537 0.55887544 0.00776212
R v 0 4 4 4 c Rv0444c 3.1843765 1.0123708 0.00745088
R v 0 4 6 4 c Rv0464c 2.1108627 0.31426725 0.00202308
R v0491 regX3 2.3545525 0.517588 0.00593251
R v 0 6 1 3 c Rv0613c 2.3321524 0.3898081 4.91E-04
R v 0 7 4 4 c Rv0744c 2.8416383 0.70177203 0.00270996
R v 0 8 9 3 c Rv0893c 2.775816 0.61138207 0.00588964
R v 0 8 9 4 Rv0894 2.567078 0.55619603 0.00759127
R v 0 8 9 8 c Rv0898c 4.5723357 1.2565047 0.00266073
R v l0 5 4 Rvl054 2.9142034 0.56894815 0.00122849
R v l1 8 4 c Rvl184c 2.538849 0.30422053 2.38E-04
R v l3 1 5 murA 3.1056952 0.8752129 0.00395848
R v l3 2 0 c Rvl320c 2.5633447 0.54102564 0.00320089
R v l3 2 5 c PE PGRS 1.922767 0.30607983 0.0063083
R v l3 2 9 c dinG 2.5327668 0.4724856 9.97E-04
R v l5 0 3 c Rvl503c 3.4338248 0.68747073 0.0096145
R v l5 1 6 c Rvl516c 3.0724385 0.5583567 0.0016733
R v l5 1 8 Rvl518 2.7599957 0.57194513 0.00449399
R v l6 5 9 argH 1.9144576 0.35012582 0.00729376
R v l6 7 0 Rvl670 2.5807443 0.44649154 0.00704238
R v l7 1 2 cmk 1.8881681 0.31066293 0.00833193
R v l7 2 9 c Rvl729c 2.5032785 0.4468205 0.00364291
R v l8 1 4 Rvl814 2.186838 0.47670826 0.00445644
R v l8 2 4 R vl824 2.6775398 0.5697846 0.00569722
R v l8 4 0 c PE PGRS 2.6663868 0.52983373 0.0044308
R v l8 8 9 c Rvl889c 2.9810262 0.6955762 0.0074127
R v l9 7 1 Rvl971 3.9709568 0.6979975 0.00514367
R v 2 0 5 7 c rpmG 2.362634 0.3543647 0.00122381
R v 2 0 6 2 c cobN 2.1347117 0.3936449 0.0087664
R v 2 0 8 1 c Rv2081c 2.7578835 0.34442228 4.59E-04
R v 2 0 8 3 Rv2083 3.513972 1.0303245 0.00308437
R v 2 1 6 0 c Rv2160c 3.0697427 0.4998126 9.29E-05
R v 2 5 9 6 Rv2596 2.9332511 0.75447345 0.00341786
R v 2 6 0 3 c Rv2603c 2.5284076 0.6944887 0.00714431
R v 2 6 3 0 Rv2630 3.0758753 0.69998574 8.98E-04
R v 2 6 3 8 Rv2638 4.40305 1.619024 0.00591199
R v 2 6 7 6 c Rv2676c 5.12225 1.9604946 0.00597019
R v 2 8 4 2 c Rv2842c 2.31419 0.5391435 0X)0605621
R v 2 8 4 9 c cobA 2.082159 0.39330655 0.00750691
R v 2 9 3 3 ppsC 2.0978198 0.4289091 0.00783987
R v 3 0 2 0 c PE 2.2862768 0.40305415 0.00335864
R v 3 0 9 5 Rv3095 1.8784078 0.29448247 0.00694879
R v 3 1 4 1 fadB4 1.9198557 0.318557 0.00770448
R v 3 1 8 3 Rv3183 2.7363937 0.44350362 0.00604384
R v 3 2 1 7 c Rv3217c 3.1827571 0.5853374 6.87E-05
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R v 3 2 8 8 c Rv3288c 2.3627768 0.5721666 0.00946489
R v 3 3 5 0 c PPE 2.473286 0.6237733 0.00894035
R v 3 3 8 4 c Rv3384c 2.8971672 0.6534828 0.00223017
R v 3 4 0 8 Rv3408 2.96697 0.3048361 4.18E-05
R v 3 4 8 7 c lipF 3.1155028 0.8212609 0.00734167
R v 3 6 4 2 c Rv3642c 2.2904897 0.40518647 0.00941299
R v 3 6 7 4 c nth 2.269194 0.41216946 0.00633313
R v 3 7 0 6 c Rv3706c 2.6386118 0.3173517 1.94E-04
R v 3 7 5 0 c Rv3750c 5.492836 0.71031266 2.68E-07
R v 3 8 2 2 Rv3822 2.4045608 0.2901677 3.44E-04
R v 3 8 2 5 c pks2 2.022228 0.37066677 0.00912461
R v 3 8 2 6 fadD23 2.1655147 0.30213296 0.00146232
R v 3 9 1 3 trxB2 2.0271072 0.39219764 0.00747019
The Rvinumbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.3.3.b.iv Gene differentially expressed in exponential phase of Beijing 94-1707 stressed
compared to H37Rv stressed in response to nitrosative stress
R v  n u m b er G e n e  n a m e L o g  r a tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 2 2 0 lipC 3.024723 0.4342354 2.84E-04
R v 0 2 5 1 c hsp 2.4918408 0.32154745 4.00E-04
R v 0 2 7 6 Rv0276 3.0934286 0.48597696 1.85E-04
R v 0 6 7 7 c mmpS5 2.6870878 0.5403482 8.58E-04
R v 0 6 7 8 Rv0678 2.6735904 0.5293062 5.66E-04
R v 0 6 9 3 pqqE 3.7699866 0.8431928 5.17E-04
R v 0 7 5 7 phoP 5.087566 0.68941355 1.86E-06
R v 0 8 0 8 purF 3.4512131 0.43489987 1.03E-06
R v 0 8 9 6 gltA2 3.6247897 0.8217476 7.20E-04
R v l0 5 7 Rvl057 3.9607618 0.5084849 7.50E-05
R v l0 7 2 R vl072 5.242993 0.96928596 9.22E-05
R v l0 7 8 pra 4.409497 0.9928767 8.34E-04
R v l l0 9 c Rvl109c 3.6679802 0.4678151 6.16E-07
R v l1 7 4 c Rvl174c 2.6767542 0.5439903 9.17E-04
R v l l 9 7 esxK 2.5439477 0.3253944 3.37E-04
R v l2 1 8 c Rvl218c 2.795327 0.5666747 5.35E-04
R v l3 4 3 c Rvl343c 3.0149784 0.41718447 5.00E-04
R v l3 8 7 PPE 5.1697702 1.1237655 9.48E-04
R v l4 1 0 c Rvl410c 3.6562712 0.35456067 2.25E-06
R v l4 7 9 moxR 4.5303283 0.4991615 5.58E-08
R v l4 8 8 Rvl488 4.448988 0.6565485 5.80E-06
R v l5 4 3 R vl543 3.112509 0.59694165 2.42E-04
R v l5 9 5 nadB 2.8621175 0.49368155 1.03E-04
R v l5 9 6 nadC 5.6760807 0.91330934 2.29E-05
R v l6 9 7 Rvl697 3.9266763 0.7593948 3.01E-04
R v l986 R vl986 3.7697415 0.57842624 1.11E-05
R v 2 0 9 4 c Rv2094c 2.7739334 0.383697 7.20E-04
R v 2 3 5 5 Rv2355 8.243414 1.994321 2.01E-04
R v 2 4 2 8 ahpC 4.916601 1.1240069 3.81E-04
R v 2 4 7 9 c Rv2479c 5.0732045 0.8358758 1.56E-05
R v 2 6 1 9 c Rv2619c 2.8027635 0.34620598 1.61E-04
R v 2 7 2 9 c Rv2729c 3.2078705 0.6022107 1.17E-04
R v 3 0 5 1 c nrdE 2.9685607 0.44117585 5.94E-05
R v 3 0 5 2 c nrdl 3.7629 0.6523193 6.51E-05
R v 3 1 8 7 Rv3187 5.902196 1.2601105 1.88E-04
R v 3 2 0 6 c moeZ 2.87762 0.57589036 6.80E-04
R v 3211 rhlE 4.9655313 0.85761815 6.72E-05
R v 3 2 2 9 c desA3 4.8407755 1.2021496 6.14E-04
R v 3 2 3 0 c Rv3230c 4.937539 0.8947752 5.36E-05
R v 3 2 4 8 c sahH 4.4080963 0.39391726 5.21E-08
R v 3 2 5 7 c pmmA 3.5221508 0.7053745 3.63E-04
R v 3 2 8 3 sseA 4.8116374 1.1374764 5.1 IE-04
R v 3 2 8 5 accA3 2.6627972 0.48524645 2.53E-04
R v 3371 Rv3371 6.146233 1.0111568 2.58E-05
R v 3 4 1 2 Rv3412 3.8277483 0.45696115 2.17E-06
R v 3 4 7 9 Rv3479 4.802475 0.48397648 1.99E-05
R v 3 5 1 9 Rv3519 7.8090777 1.7045411 3.80E-04
R v 3 5 8 3 c Rv3583c 2.7952054 0.44018635 5.77E-05
R v 3 6 1 0 c ftsH 3.0169709 0.38076428 3.23E-04
R v 3 6 2 0 c Rv3620c 2.8734453 0.33795208 1.07E-04
R v 3 6 8 3 Rv3683 3.8799233 0.54395366 3.36E-06
R v 3 8 4 3 c Rv3843c 2.8117266 0.5225685 3.78E-04
R v 3 8 6 6 Rv3866 2.8514578 0.32279027 8.98E-05
R v 3 8 6 8 Rv3868 2.9398556 0.44164693 1.39E-04
R v 3 8 7 4 esxB 2.9050224 0.6224973 7.74E-04
R v 3 8 7 5 esxA 4.4467063 0.91412425 2.26E-04
The Rv numbers and gene names are based on the H37Rv genome (Cole et a t, 1998).
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Table 4.4.1.i Genes differentially expressed in exponential phase of H37Rv unstressed
compared to H37Rv stressed in response to low pH stress
Rv number Gene name Log ratio in expression S tdE rr P-value
Rv0287 Rv0287 2.869481 0.506417 0.009391
Rv0441c Rv0441c 1.870831 0.447353 0.034902
Rv0586 Rv0586 2.179612 0.450929 0.032753
Rv0968 Rv0968 2.693671 0.733773 0.017144
Rvl463 Rvl463 2.314549 0.601878 0.02393
Rvl693 R vl693 2.055543 0.566085 0.04788
Rv2897c Rv2897c 2.367162 0.357642 0.029394
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
Table 4.4.1.ii Genes differentially expressed in exponential phase o f H37Rv stressed compared 
to H37Rv unstressed in response to low pH stress
Rv number Gene name Log ratio in expression S tdE rr P-value
Rvl889c Rvl889c 2.315266 0.402855 0.040373
Rv2434c Rv2434c 1.833234 0.408797 0.043044
Rv3120 Rv3120 2.54896 0.595936 0.043712
Rv3354 Rv3354 3.383066 1.234553 0.044392
The Rv numbers and gene names are based on the H37Rv genome (Cole etal., 1998).
Table 4.4.2.a.i Genes differentially expressed in exponential phase of Beijing 94-1576 unstressed 
compared to Beijing 94-1576 stressed in response to low pH stress
Rv number Gene name Log ratio in expression S tdE rr P-value 
Rv0878c PPE 4.85623 1.036144 0.034254
The Rv number and gene name are based on the H37Rv genome (Cole et al., 1998).
Table 4.4.2.a.ii Genes differentially expressed in exponential phase of Beijing 94-1576 stressed 
compared to Beijing 94-1576 unstressed in response to low pH stress
Rv num ber Gene name Log ratio in expression S tdE rr P-value
Rv0144 Rv0144 2.684442 0.921952 0.02797
R vll58c Rvl158c 6.243389 2.192983 0.034867
Rvl306 atpF 3.952395 1.679588 0.023921
Rvl328 glgP 2.56324 0.891112 0.024269
Rv2154c ftsW 2.713875 1.05877 0.044216
Rv2276 Rv2276 2.369595 0.652717 0.01195
Rv2454c Rv2454c 3.272202 1.480554 0.030514
Rv3478 PPE 4.010424 1.650418 0.020398
Rv3583c Rv3583c 5.708587 2.241497 0.047238
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.4.2.b.i Genes differentially expressed in exponential phase of H37Rv unstressed
compared to Beijing 94-1576 unstressed in response to low pH stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 2 1 c Rv0021c 3.9569857 0.73422205 0.017715536
R v 0 0 2 8 Rv0028 1.9554343 0.4217429 0.03589512
R v 0 0 3 9 c Rv0039c 2.213069 0.51834685 0.008102317
R v 0 0 4 4 c Rv0044c 2.7712083 0.9182068 0.017552027
R v 0 0 4 8 c Rv0048c 2.0197186 0.4210686 0.02799588
R v 0 0 5 3 rpsF 2.1719868 0.50573665 0.029074457
R v 0 0 6 8 Rv0068 2.4965017 0.63631904 0.02033947
R v 0 0 9 3 c Rv0093c 5.5898504 0.85870296 0.007873986
R vO llO RvOllO 2.1740105 0.6067679 0.04866163
R v 0 1 5 0 c Rv0150c 5.0367327 0.8540114 0.010820466
R v 0 1 6 7 Rv0167 2.177106 0.53594524 0.034172203
R v 0 2 1 0 Rv0210 2.5194361 0.57504535 0.019686699
R v 0 2 1 6 Rv0216 3.8831587 0.9620878 0.013013089
R v 0 2 5 0 c Rv0250c 2.3597894 0.5968024 0.019359175
R v 0 2 7 7 c Rv0277c 4.071658 0.8955881 0.023673901
R v 0 3 7 7 Rv0377 4.039072 0.85919845 0.022440398
R v 0 3 8 4 c clpB 3.5883756 0.7557479 0.02487436
R v 0 3 9 2 c Rv0392c 5.2352643 0.89465415 0.006483804
R v 0 4 0 5 pks6 2.621922 0.41439262 0.025847405
R v 0 4 1 4 c thiE 2.388274 0.77545595 0.043769713
R v 0 4 3 4 Rv0434 1.8334793 0.39964452 0.038847815
R v 0 4 4 4 c Rv0444c 1.7941478 0.41618523 0.04245521
R v 0 4 9 3 c Rv0493c 5.8086233 0.8811446 0.007352519
R v 0 4 9 4 Rv0494 5.0851035 0.85373104 0.010489567
R v 0 4 9 9 Rv0499 5.711121 1.0243946 0.010431609
R v 0 5 3 2 PE PGRS 3.6827457 1.3920355 0.016075412
R v 0 5 7 5 c Rv0575c 2.2556686 0.5507327 0.008843691
R v 0 6 0 6 Rv0606 4.825037 1.031393 0.005272889
R v 0 6 1 6 c Rv0616c 5.9555798 0.8639305 0.006544555
R v 0 6 5 3 c Rv0653c 2.8587058 0.62934786 0.04123186
R v 0 6 7 3 echA4 4.0496798 0.863012 0.022437312
R v 0 7 0 5 rpsS 2.7129564 0.48454902 0.005031222
R v 0 7 1 8 rpsH 2.145022 0.4499012 0.03577896
R v 0 7 4 8 Rv0748 4.5628624 0.8605411 0.015088183
R v 0 8 2 4 c desAl 2.1423595 0.5669921 0.045065597
R v 0 8 7 4 c Rv0874c 4.0046186 0.98440945 0.013000399
R v 0 8 7 8 c PPE 3.3699954 0.9446693 0.0311698
R v 0 8 9 3 c Rv0893c 4.1808906 0.85741633 0.019939436
R v 0 8 9 4 Rv0894 5.1191115 0.8612142 0.010447757
R v 0 8 9 8 c Rv0898c 2.1721401 0.6883281 0.041270904
R v 0 9 0 7 Rv0907 4.88166 1.4195796 0.025748864
R v l0 2 5 Rvl025 1.7779266 0.38357097 0.044491645
R v l0 4 7 R vl047 2.3032439 0.665177 0.044611562
R v l0 4 9 R vl049 3.2464359 0.870266 0.048113994
R v l 152 R v l152 6.737048 0.8708029 0.004559713
R v l1 5 4 c Rvl154c 4.9326816 1.052766 0.004999191
R v l 155 R v l155 3.5402508 0.85614276 0.034699295
R v l1 7 5 c fadH 2.3688898 0.58328253 0.039408322
R v l 183 mmpLlO 2.5618699 0.7755195 0.02663798
R v l l 9 6 PPE 4.44964 1.0403131 0.010400879
R v l l 9 9 c Rvl199c 2.3794575 0.59955776 0.018992668
R v l2 1 9 c Rvl219c 4.9317813 0.8646434 0.011857295
R v l2 3 0 c Rvl230c 2.5506191 0.88094234 0.04638536
R v l2 4 5 c Rvl245c 6.4336557 0.86296445 0.005151786
R v l 2 6 2c Rvl262c 3.7710328 0.89694893 0.030642083
R v l2 6 9 c Rvl269c 3.473746 0.9314669 0.028472148
R v l3 1 8 c Rvl318c 4.8300714 1.3072635 0.0t 694471
R v l4 5 2 c PE PGRS 4.443537 0.8553325 0.016251957
R v l4 9 4 Rvl494 3.7830715 0.9048354 0.030827954
R v l4 9 7 lipL 3.3847091 0.98628855 0.02487842
R v l5 0 3 c Rvl503c 5.818284 1.0017447 0.002237697
R v l5 0 5 c Rvl505c 2.8316443 0.8541717 0.026042044
R v l5 0 6 c Rvl506c 3.4990304 0.8793568 0.037982393
R v l5 1 3 Rvl513 4.8974557 0.87296623 0.012355324
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R v l5 1 6 c Rvl516c 5.230067 1.6802074 0.04451756
R v l5 1 9 Rvl519 3.6865299 0.8578622 0.030370029
R v l5 4 1 c lprl 5.3891435 0.8813374 0.009295503
R v l 6 0 6 hisI2 5.306038 0.62664473 7.68E-04
R v l6 1 0 Rvl610 4.670884 0.64264137 0.001014549
R v l6 7 0 Rvl670 2.0445118 0.6055195 0.041542336
R v l6 8 4 R vl684 3.5260158 0.7250418 0.025607359
R v l7 1 9 Rvl719 5.5765734 2.0754423 0.043836787
R v l7 3 6 c narX 6.298919 1.2037828 0.003609384
R v l7 4 1 Rvl741 4.559085 1.966003 0.03473948
R v l8 5 5 c Rvl855c 4.3872027 1.0171094 0.014519846
R v l8 7 0 c Rvl870c 3.170473 1.0743294 0.047419507
R v l8 8 9 c Rvl889c 6.9963365 0.85808384 0.003951176
R v l8 9 2 R vl892 5.2407465 0.85937375 0.009657986
R v l9 0 3 R vl903 3.9110467 0.8548212 0.024734888
R v l9 0 4 R vl904 3.0050375 0.81620234 0.027094012
R v l9 4 4 c Rvl944c 5.246254 0.86226267 0.009689863
R v l9 9 0 c Rvl990c 5.5915484 0.85487556 0.007797364
R v 2 0 8 1 c Rv2081c 2.5173352 0.5122744 0.020048227
R v 2 0 8 2 Rv2082 2.0218453 0.46994936 0.029120117
R v 2 0 8 4 Rv2084 4.1588345 0.85751444 0.020294901
R v 2 1 4 6 c Rv2146c 4.896021 1.7660847 0.021716984
R v 2 1 7 0 Rv2170 2.352389 0.68839586 0.020125499
R v 2 1 7 7 c Rv2177c 3.7002769 0.8595052 0.030101035
R v 2 1 9 1 Rv2191 4.000355 0.869509 0.023709478
R v 2 3 5 2 c PPE 4.1479707 0.75348103 8.10E-04
R v 2 3 5 6 c PPE 3.716328 0.9327399 0.03466474
R v 2 3 7 0 c Rv2370c 4.1917963 1.1398826 0.014185031
R v 2 4 0 0 c subl 4.130425 0.9989984 0.011001547
R v 2 4 5 2 c Rv2452c 5.642934 1.0093513 0.002831835
R v 2 4 8 0 c Rv2480c 4.9188266 0.86171216 0.011877905
R v 2 5 5 0 c Rv2550c 4.335813 1.287787 0.022219721
R v 2 5 9 1 PE PGRS 2.3792121 0.41885495 0.007909602
R v 2 6 6 6 Rv2666 2.4745767 0.80513114 0.038681377
R v 2 6 7 6 c Rv2676c 3.8598976 0.88769394 0.02779023
R v 2 6 8 0 Rv2680 2.611489 0.71625227 0.017847072
R v 2 7 0 4 Rv2704 5.0649667 1.137631 0.006136406
R v 2 7 3 0 Rv2730 7.199806 0.8813079 0.003822959
R v 2 7 4 5 c Rv2745c 2.3315022 0.57877946 0.04215024
R v 2 7 6 1 c Rv2761c 4.078297 0.87949216 0.022736436
R v 2 7 9 8 c Rv2798c 5.7670646 1.2397711 0.006338461
R v 2 8 0 6 Rv2806 5.1440477 1.5632122 0.034805246
R v 2 8 0 7 Rv2807 5.482008 1.4646095 0.021266676
R v 2 8 1 7 c Rv2817c 7.083993 2.271172 0.01920489
R v 2 8 2 3 c Rv2823c 4.9444656 1.5866482 0.04658991
R v 2 8 2 7 c Rv2827c 3.1984966 1.18689 0.026355026
R v 2 8 2 9 c Rv2829c 4.005432 0.8568833 0.0229524
R v 2 8 8 0 c Rv2880c 3.998688 0.86491823 0.02350102
R v 2 9 0 1 c Rv2901c 4.7890286 0.8573672 0.012813376
R v 2 9 1 0 c Rv2910c 4.0531387 0.95430803 0.02715669
R v 2 9 1 9 c glnB 4.192856 0.8560835 0.019692924
R v 2 9 4 8 c fadD22 2.607359 0.6835368 0.035353843
R v 2 9 8 7 c leuD 5.6622515 0.90930414 0.008470051
R v 2 9 8 9 Rv2989 2.7886214 1.1884614 0.047619082
R v 3 0 7 8 Rv3078 3.3792913 0.8584462 0.040873144
R v 3 0 9 4 c Rv3094c 3.7749348 0.78591704 0.020775244
R v 3 0 9 6 Rv3096 2.5580184 0.5128521 0.042669713
R v 3 1 2 3 Rv3123 4.6114902 0.8867475 0.015459471
R v 3 1 2 8 c Rv3128c 6.128372 1.5040712 0.017579585
R v 3 1 3 5 PPE 5.8046556 0.85823244 0.006993881
R v 3 1 3 8 pflA 3.3026063 0.85899186 0.044271916
R v 3 1 4 3 Rv3143 2.9818697 0.62058485 0.003602705
R v 3 1 5 9 c PPE 2.631574 0.7676091 0.017739583
R v 3 1 7 9 Rv3179 4.95538 1.5175469 0.034717392
R v 3 2 2 9 c desA3 4.7678075 1.1303482 0.001802523
R v 3 3 4 7 c PPE 4.293141 0.8597154 0.01837094
R v 3 3 6 7 PE PGRS 3.8142967 1.187428 0.009927061
R v 3 3 8 8 PE PGRS 3.2747824 0.7201519 0.012484894
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Rv3409c choD 6.7878094 3.2556968 0.03853577
Rv3424c Rv3424c 3.6660979 0.856849 0.030875409
Rv3439c Rv3439c 5.166866 0.854279 0.009984254
Rv3454 Rv3454 1.995891 0.55826503 0.043604307
Rv3474 Rv3474 3.9599993 0.8553057 0.023755712
Rv3531c Rv3531c 3.8258665 0.8692006 0.027492356
Rv3541c Rv3541c 4.555227 1.4471093 0.032308202
Rv3560c fadE30 5.5082374 0.8810276 0.008673454
Rv3590c PE PGRS 4.2739 0.8667597 0.01894186
Rv3656c Rv3656c 4.2552447 0.8741847 0.019536855
Rv3674c nth 4.022786 0.86807424 0.023199366
Rv3728 Rv3728 6.2475777 0.87304336 0.005766815
Rv3762c Rv3762c 3.992454 0.89301074 0.02512437
Rv3836 Rv3836 3.610265 1.3129299 0.03019895
Rv3903c Rv3903c 2.1580877 0.49632424 0.013798088
The Rv numbers and gene names are based on the H37Rv genome (Cole et a l,  1998).
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Table 4.4.2.b.ii Genes differentially expressed in exponential phase of H37Rv stressed compared
to Beijing 94-1576 stressed in response to low pH stress
R v  n u m b er G e n e  n a m e L o g  r a t io  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 0 6 gyrA 1.8486344 0.3975686 0.016773382
R v 0 0 1 4 c pknB 1.5161756 0.24398787 0.031814285
R v 0 0 1 6 c pbpA 1.5155464 0.23644917 0.027677365
R v 0 0 4 0 c mtc28 1.9741501 0.38905868 0.006669839
R v 0 0 4 6 c Rv0046c 1.7595845 0.34425738 0.015147192
R v 0 0 4 8 c Rv0048c 2.076998 0.2954309 0.00161276
R v 0 0 7 5 Rv0075 2.27681 0.21647462 3.40E-04
R v 0 1 1 8 c oxcA 2.9044085 0.96943057 0.031693388
R v 0 2 0 5 Rv0205 1.4641857 0.19520368 0.028799677
R v 0 2 4 Ic Rv0241c 1.6932245 0.19302796 0.00361689
R v 0 2 4 3 fadA2 1.4804965 0.19798978 0.026148736
R v 0 2 5 0 c Rv0250c 1.5905782 0.20324352 0.010938768
R v 0 2 7 8 c PE PGRS 2.2846305 0.39300564 0.040720634
R v 0 2 8 4 Rv0284 1.7852613 0.20535839 0.002360618
R v 0 3 0 3 Rv0303 1.7335196 0.22033802 0.007510996
R v 0 4 0 5 pks6 2.5006032 0.2669927 1.37E-04
R v 0 4 6 3 Rv0463 1.8774823 0.3337691 0.038269944
R v 0 4 6 5 c Rv0465c 3.5473332 0.5269644 1.57E-04
R v 0 4 6 7 id 2.5981708 0.24512973 2.24E-05
R v 0 5 1 2 hemB 1.5571009 0.22107562 0.026283337
R v 0 5 8 0 c Rv0580c 2.1580095 0.37866488 0.048301052
R v 0 5 9 7 c Rv0597c 1.6591477 0.27176255 0.02598449
R v 0 6 4 0 rplK 1.484454 0.19705805 0.024766978
R v 0651 rpU 2.4861226 0.3456392 1.87E-04
R v 0 6 5 2 rplL 1.6012163 0.22579618 0.02058892
R v 0 6 5 3 c Rv0653c 1.911619 0.2224161 0.002570303
R v 0 6 5 9 c Rv0659c 1.7589505 0.21293476 0.003449863
R v 0 6 9 5 Rv0695 1.451704 0.20476519 0.038408462
R v 0 7 0 3 rplW 1.4908441 0.21208337 0.03767299
R v 0 7 0 4 rplB 1.4740467 0.2298146 0.040080514
R v 0 7 0 5 rpsS 1.7871296 0.21462883 0.004737667
R v 0 7 0 6 rplV 1.6709999 0.21892728 0.011195682
R v 0 7 0 7 rpsC 1.7470094 0.19509846 0.002462708
R v 0 7 0 8 rplP 1.8992357 0.2154231 0.002401896
R v 0 7 1 0 rpsQ 1.8278702 0.27133402 0.015308411
R v 0 7 1 4 rplN 1.4449722 0.19579501 0.03480354
R v 0 7 2 2 rpmD 1.5882902 0.25673148 0.045824282
R v 0 7 2 3 rpIO 1.8801999 0.45488352 0.033863932
R v 0 7 8 7 Rv0787 1.6709616 0.21749043 0.010911647
R v 0 8 2 3 c Rv0823c 2.4084196 0.4380755 0.001099353
R v 0 8 2 4 c desAl 2.6496282 0.34172648 5.61E-05
R v 0 8 4 0 c Rv0840c 2.0416446 0.44614187 0.046907645
RvO8 8 8 Rv0888 1.8024904 0.25954118 0.014953948
R v 0 9 3 0 pstAl 1.6469405 0.21969147 0.013428744
R v l0 3 7 c Esat6 1.62274 0.22147878 0.01643907
R v l0 4 3 c Rv1043c 1.8142936 0.23953615 0.010724309
R v l0 4 5 Rvl045 2.2722678 0.3350267 0.011438496
R v l0 4 7 Rvl047 2.4778166 0.35034958 8.85E-05
R v l0 9 6 Rvl096 1.5048921 0.22854295 0.04323058
R v l l 0 2 c Rv1102c 2.0402756 0.42454952 0.011297628
R v l l 4 6 R v l146 2.0267234 0.5319815 0.04649948
R v l l 5 8 c R vll58c 1.4668646 0.21396808 0.046727743
R v l l 6 2 narH 2.5031679 0.44771978 8.05E-04
R v l l 9 5 PE 2.4833262 0.2240328 1.74E-05
R v l l 9 6 PPE 2.8768246 0.22786698 4.23E-05
R v l l 9 7 R v l197 1.4732242 0.19519638 0.026483959
R v l l 9 8 R v l198 1.7350191 0.2095679 0.003843204
R v l l 9 9 c Rvl199c 2.709439 0.3907058 1.77E-04
R v l2 5 1 c Rvl251c 2.0135758 0.25552568 0.002681958
R v l2 5 2 c IprE 1.6517273 0.28320673 0.042953335
R v l2 9 7 rho 1.4538604 0.19530262 0.031754468
R v l2 9 8 rpmE 1.5677587 0.20324919 0.013330726
R v l2 9 9 prfA 1.600094 0.32837257 0.042748857
R v l3 9 6 c PE PGRS 1.5267707 0.22645883 0.035702884
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R v l4 6 9 ctpD 1.8028046 0.36281967 0.023417233
R v l4 7 8 Rvl478 1.8253894 0.26999387 0.009646855
R v l5 0 4 c Rvl504c 1.7594023 0.30736506 0.048069675
R v l5 0 5 c Rvl505c 1.7846216 0.28958547 0.03756644
R v l5 2 1 fadD25 1.630387 0.25572088 0.035646033
R v l6 2 5 c Rvl625c 12.655002 6.430461 0.014251097
R v l6 3 2 c Rvl632c 1.645398 0.23809746 0.018408338
R v l 64 3 rplT 1.466201 0.20856585 0.036044408
R v l6 7 4 c Rvl674c 4.626754 1.3552765 0.01361334
R v l7 8 1 c Rvl781c 1.7256856 0.24586003 0.007512522
R v l8 5 6 c Rvl856c 1.8356543 0.24506962 0.010420472
R v l8 6 2 adhA 2.1934404 0.36554465 0.04218792
R v l8 6 9 c Rvl869c 1.4582278 0.21442932 0.04260368
R v l8 7 0 c Rvl870c 4.6298633 0.54272115 1.13E-05
R v l8 7 1 c Rvl871c 2.5564032 0.35651988 9.99E-05
R v l8 7 2 c lldD2 3.4873972 0.42242143 2.42E-05
R v 2 0 1 5 c Rv2015c 1.4478266 0.21527374 0.0472346
R v 2 0 5 1 c Rv2051c 1.4755701 0.21990569 0.040093895
R v 2 0 7 7 c Rv2077c 3.274775 0.9300595 0.014342823
R v 2 0 8 1 c Rv2081c 2.119178 0.36458874 0.003294772
R v 2 0 9 2 c helY 2.4094343 0.574368 0.010069445
R v 2 1 5 1 c ftsQ 1.8110003 0.440812 0.046196558
R v 2 1 5 9 c Rv2159c 5.589076 1.0982367 4.53E-04
R v 2 1 6 1 c Rv2161c 2.0062895 0.27061248 0.006687899
R v 2 2 6 2 c Rv2262c 2.60498 0.69991076 0.016910149
R v 2 2 6 5 Rv2265 2.6188054 0.6124471 0.026162107
R v 2 3 3 4 cysK 1.4776893 0.22244404 0.037299663
R v 2 3 3 5 cysE 1.5852896 0.28542387 0.03236086
R v 2 3 3 9 mmpL9 2.6460986 0.3083145 0.003599206
R v 2 3 4 7 c Rv2347c 1.4613461 0.19509998 0.029509433
R v 2 3 8 9 c Rv2389c 1.5045245 0.23510076 0.039903525
R v 2 3 9 4 ggtB 1.531134 0.24815202 0.029284522
R v 2 5 1 2 c Rv2512c 2.721113 0.6601356 0.004838921
R v 2 5 4 2 Rv2542 1.712181 0.34989446 0.027375545
R v 2 5 8 5 c Rv2585c 1.6609755 0.2414829 0.025121711
R v 2 6 6 6 Rv2666 2.5924573 0.5139266 0.001544386
R v 2 7 0 3 sigA 1.4617987 0.2135705 0.04073534
R v 2 7 4 8 c ftsK 1.5048739 0.19868171 0.02123317
R v 2 7 8 2 c pepR 1.5865003 0.2603183 0.018741136
R v 2 7 8 4 c IppU 1.8900516 0.21236216 0.001299997
R v 2 8 0 8 Rv2808 3.5969431 0.93311805 0.015959116
R v 2 8 4 6 c efpA 1.5624105 0.28502035 0.033172723
R v 2 8 9 4 c xerC 1.5033622 0.24355133 0.044723347
R v 2 9 0 6 c trmD 2.0759027 0.24524029 0.001201855
R v 2 9 4 2 mmpL7 1.7060969 0.22398363 0.00652598
R v 2 9 4 7 c pksl5 1.9024185 0.2738362 0.011091907
R v 2 9 4 8 c fadD22 1.6227347 0.24472064 0.03258469
R v 2 9 4 9 c Rv2949c 2.5885005 0.21708377 9.32E-05
R v 2 9 5 0 c fadD29 2.2470772 0.36039427 4.99E-04
R v 2 9 8 8 c leuC 1.766019 0.29096538 0.040880058
R v 2 9 8 9 Rv2989 1.7649153 0.27563342 0.006575399
R v 3 0 2 3 c Rv3023c 2.0730717 0.2616791 5.52E-04
R v 3 1 1 5 Rv3115 2.6432877 0.44811067 4.16E-04
R v 3 2 2 9 c desA3 3.099429 0.36594698 4.57E-06
R v 3 4 0 7 Rv3407 14.633859 4.579414 0.003056978
R v 3 4 0 8 Rv3408 7.530103 0.5337597 2.90E-07
R v 3 4 0 9 c choD 4.914375 2.1701767 0.010598735
R v 3 4 2 5 PPE 2.234883 0.37749785 0.001236045
R v 3 4 5 5 c truA 1.8575699 0.40672275 0.021021204
R v 3 4 5 6 c rplQ 1.4839709 0.2230528 0.046*753474
R v 3 4 7 8 PPE 1.560667 0.21841532 0.01621769
R v 3 6 4 7 c Rv3647c 1.4975834 0.21376728 0.036706645
R v 3 6 6 2 c Rv3662c 2.0051508 0.2026155 4.63E-04
R v 3 7 1 9 Rv3719 1.5385135 0.29831782 0.048477888
R v 3 7 2 0 Rv3720 1.6183553 0.20018996 0.00806024
R v 3 7 2 6 Rv3726 3.5198896 0.36351928 4.07E-07
R v 3 7 4 9 c Rv3749c 4.2423124 1.24441 0.009671343
R v 3 7 5 0 c Rv3750c 15.400938 2.8839924 5.92E-04
335
R v 3 7 8 5 Rv3785 1.6731906 0.23330285 0.014123092
R v 3 8 1 1 csp 1.6163528 0.24612576 0.011648971
R v 3 8 3 9 Rv3839 1.614744 0.20215268 0.008684032
R v 3 8 8 2 c Rv3882c 1.6317985 0.24721706 0.031907845
R v 3 8 8 3 c Rv3883c 1.4832804 0.21978047 0.037483864
R v 3 8 9 9 c Rv3899c 2.0045571 0.30605584 0.019833997
R v 3 9 1 7 c parA 1.8563702 0.21456103 0.003058462
R v 3 9 1 8 c parB 1.736955 0.21533053 0.006678968
R v 3 9 2 0 c Rv3920c 1.9834102 0.24603556 0.001556238
R v 3 9 2 1 c Rv3921c 1.9359193 0.3579143 0.00470425
R v 3 9 2 2 c Rv3922c 1.5409253 0.3004209 0.048945308
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.4.2.b.iii Genes differentially expressed in exponential phase of Beijing 94-1576 unstressed
compared to H37Rv unstressed in response to low pH stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 2 8 8 Rv0288 3.6501577 1.7057191 0.04257667
R v 0 2 8 9 Rv0289 3.7177253 1.2873317 0.014288027
R v 0 2 9 2 Rv0292 1.9759678 0.5140075 0.029433928
R v 0 3 5 0 dnaK 3.298501 0.80175304 0.003795672
R v 0 4 4 0 groEL2 4.5464582 1.5501146 0.00878762
R v 0 4 5 0 c mmpL4 2.029948 0.4121075 0.017517356
R v 0 4 5 1 c mmpS4 5.120447 0.96944594 0.001240166
R v 0 4 8 3 Rv0483 2.4106395 0.84746885 0.047536496
R v 0 6 7 7 c mmpS5 2.1817336 0.5267684 0.037415627
R v 0 7 6 1 c adhB 2.6362917 0.9360817 0.036099683
R v 0 7 9 8 c Rv0798c 1.9716114 0.45956507 0.04357399
R v 0 8 0 5 Rv0805 3.6536453 1.4051652 0.022557057
R v 0 8 3 1 c Rv0831c 1.9894964 0.5581401 0.039853603
R v 0 8 9 1 c Rv0891c 2.433384 0.5192258 0.005475151
R v 0 9 5 2 sucD 2.5343127 0.5622291 0.0033765
R v l0 7 2 R vl072 1.8332243 0.45681775 0.037930466
R v l 078 pra 2.6356194 0.66522473 0.006628143
R v l1 3 3 c metE 2.3301184 0.5833765 0.010767353
R v l2 2 1 sigE 3.2184646 1.0364444 0.010816237
R v l3 0 3 R vl303 1.9655513 0.38652894 0.026380654
R v l3 0 4 atpB 1.9693089 0.3664746 0.014877991
R v l3 0 6 atpF 2.170747 0.44335642 0.005316319
R v l3 0 7 atpH 3.280555 0.7936314 0.002975665
R v l3 0 8 atpA 2.7956488 0.80012596 0.011918529
R v l3 0 9 atpG 2.5167387 0.61666507 0.007014844
R v l3 1 1 atpC 2.0802228 0.4256418 0.021785242
R v l3 6 9 c R vl369c 2.2164657 0.367011 0.004854864
R v l4 6 1 Rvl461 2.4696677 0.41616124 0.003026517
R v l4 6 2 R vl462 4.4963527 1.4290817 0.010422189
R v l 5 4 3 R vl543 1.9291233 0.34537798 0.014442341
R v 2 1 0 8 PPE 16.662542 10.264427 0.043305416
R v 2 1 6 7 c Rv2167c 2.7565756 0.58789414 0.003626671
R v 2 1 9 3 ctaE 3.2075672 1.1129951 0.026220335
R v 2 1 9 4 qcrC 2.626049 0.9918799 0.047306042
R v 2 1 9 5 qcrA 2.7027812 0.94042295 0.032387193
R v 2 1 9 9 c Rv2199c 4.0933723 1.8130671 0.038447626
R v 2 2 7 8 Rv2278 3.5370374 1.0163977 0.04804368
R v 2 3 5 5 Rv2355 1.940048 0.41296005 0.035755355
R v 2 3 7 8 c mbtG 2.5693445 0.7011799 0.012276821
R v 2 3 8 1 c mbtD 2.479573 0.55817115 0.012386825
R v 2 3 8 2 c mbtC 1.8825729 0.5101232 0.04460277
R v 2 4 2 9 ahpD 2.4524562 0.76800936 0.027212989
R v 2 4 5 4 c Rv2454c 3.1169944 0.8954609 0.016407441
R v 2 4 9 5 c pdhC 2.1172178 0.45677444 0.040147
R v 2 6 4 9 Rv2649 2.8012884 0.8368326 0.011125619
R v 2 6 6 0 c Rv2660c 3.7375665 0.7822303 0.001643576
R v 2 7 1 1 ideR 2.3250642 0.65484166 0.020848038
R v 2 8 1 4 c Rv2814c 10.798463 1.6164235 9.60E-04
R v 3 0 4 3 c ctaD 2.4998434 0.84072155 0.039264992
R v 3 0 4 5 adhC 2.2096603 0.6438574 0.03038259
R v 3 1 4 0 fadE23 1.9633921 0.35832876 0.020894937
R v 3 1 9 3 c Rv3193c 3.153953 0.9040614 0.008010939
R v 3 1 9 4 c Rv3194c 2.346668 0.6748217 0.03238189
R v 3 2 0 5 c Rv3205c 4.9259434 1.2991291 0.004599945
R v 3 2 1 1 rhlE 3.0711856 0.436685 0.001394477
R v 3 2 2 4 Rv3224 2.6385136 0.43185535 2t26E-04
R v 3 2 4 0 c secA 3.2229702 0.4543121 3.87E-04
R v 3 2 4 8 c sahH 3.5615852 0.43462932 4.81E-04
R v 3 2 5 7 c pmmA 2.9464722 0.7873648 0.008337401
R v 3 2 6 6 c rmlD 3.5483677 0.76091474 0.027492246
R v 3 2 7 3 Rv3273 2.9654467 0.70430595 0.003297628
R v 3 2 7 4 c fadE25 1.9539381 0.49993908 0.028268034
R v 3 2 7 8 c Rv3278c 2.1362882 0.48551443 0.008857925
R v 3 2 8 4 Rv3284 3.5374477 1.0087852 0.00975728
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R v 3 3 1 8 sdhA 3.7875898 1.6580018 0.04752593
R v 3 3 1 9 sdhB 2.0680368 0.35076767 0.007834778
R v 3 4 0 2 c Rv3402c 4.9486723 0.77256286 1.68E-04
R v 3 4 0 3 c Rv3403c 2.8213825 0.607562 0.001706705
R v 3 4 0 4 c Rv3404c 2.7740586 0.8104275 0.013676178
R v 3 4 1 2 Rv3412 2.8675466 0.60077757 0.001116943
R v 3 4 1 8 c groES 2.2267027 0.46462584 0.012167262
R v 3 4 1 9 c gCP 3.3137274 0.7437349 0.033348635
R v 3 4 2 7 c Rv3427c 5.2360024 1.529511 0.003216816
R v 3 4 4 3 c rplM 1.9710597 0.33383226 0.010256885
R v 3 4 7 5 Rv3475 2.9621894 0.46143058 0.006057263
R v 3 5 2 4 Rv3524 3.275281 1.1836519 0.0218591
R v 3 6 6 8 c Rv3668c 4.271457 0.9967928 0.024871923
R v 3 8 5 3 menG 4.131403 0.8075105 0.00539655
R v 3 8 7 3 PPE 2.3603566 0.6080547 0.016302977
R v 3 8 7 4 esxB 4.0195055 0.7880469 2.52E-04
R v 3 8 7 6 Rv3876 1.915898 0.43420687 0.018857928
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.4.2.b.iv Genes differentially expressed in exponential phase of Beijing 94-1576 stressed
compared to H37Rv stressed in response to low pH stress
R v  n u m b er G e n e  n a m e L o g  ra tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 5 8 dnaB 1.4761331 0.48217303 0.01589689
R v 0 0 6 5 Rv0065 1.650744 0.5375941 0.003421143
R v 0 0 6 6 c icd2 1.5062987 0.67665386 0.03839549
R v 0 0 7 0 c glyA2 1.6524737 0.6868507 0.016903572
R v 0 0 7 9 Rv0079 5.1287985 3.839578 0.011556021
R v 0 0 8 0 Rv0080 2.5320032 1.565319 0.015071989
R v 0 0 9 7 Rv0097 1.7054296 0.83373266 0.02259459
R v 0 0 9 9 fadDIO 1.4146764 0.5229676 0.041229576
R v 0 1 0 8 c Rv0108c 1.5521903 0.51436746 0.01047934
R v O l l l RvOlll 1.4597263 0.5905436 0.037416752
R v 0 1 7 1 Rv0171 1.6525239 0.5979494 0.006187163
R v 0 1 7 3 IprK 1.4285157 0.4900859 0.027669681
R v 0 2 5 1 c hsp 1.4466925 0.5012627 0.024900462
R v 0 2 7 6 Rv0276 1.5392325 0.59662426 0.015419705
R v 0 2 8 7 Rv0287 1.4022037 0.5019429 0.039644796
R v 0 3 0 8 Rv0308 1.5281347 0.7030543 0.037872657
R v 0 3 5 0 dnaK 1.7769027 0.670257 0.002884372
R v 0 3 5 1 grpE 1.4934436 0.54640406 0.01734471
R v 0 3 5 2 dnaJ 1.5686967 0.7026789 0.02673226
R v 0 3 8 6 Rv0386 1.4128213 0.55195975 0.045646578
R v 0 4 4 0 groEL2 1.9009758 0.77650046 0.003169252
R v 0 4 5 1 c mmpS4 1.7242601 0.54483986 0.001484772
R v 0 4 5 2 Rv0452 2.6493974 1.8216909 0.019555027
R v 0 5 1 6 c Rv0516c 2.3239923 1.2401124 0.007307638
R v 0 5 3 7 c Rv0537c 1.4190271 0.48987734 0.030380847
R v 0 6 3 5 Rv0635 1.5433594 0.7647854 0.048791714
R v 0 6 7 7 c mmpS5 1.5679299 0.61901474 0.013861116
R v 0 7 5 1 c mmsB 3.1109564 1.5416055 7.67E-04
R v 0 7 5 2 c fadE9 6.296213 4.332417 0.00599843
R v 0 7 6 1 c adhB 1.6129678 0.6171283 0.008704757
R v 0 7 8 2 ptrBa 3.3632035 2.0768943 0.006207523
R v 0 7 9 6 Rv0796 1.7954223 0.8141402 0.010154361
R v 0 8 0 5 Rv0805 1.3796135 0.4863613 0.04291689
R v 0 8 2 7 c Rv0827c 5.687913 5.6783714 0.0368812
R v 0 8 8 5 Rv0885 2.0473354 1.147946 0.018464133
R v 0 9 6 5 c Rv0965c 1.5350753 0.63468516 0.032279357
R v 0 9 7 4 c accD2 1.5751623 0.66759396 0.028285693
R v 0 9 9 1 c Rv0991c 2.0095112 1.3041799 0.038742006
R v l0 7 8 pra 1.8246105 0.588139 7.05E-04
R v l2 1 7 c Rvl217c 2.1548653 1.4553756 0.034844775
R v l2 1 8 c Rvl218c 1.8123775 0.8384523 0.017404383
R v l 28 6 cysN 1.773511 0.805639 0.013686243
R v l3 0 3 R vl303 1.6285815 0.49121734 0.003973084
R v l3 0 5 atpE 1.6782199 0.68502665 0.008980557
R v l3 6 8 IprF 1.4384462 0.5028809 0.028012028
R v l3 6 9 c Rvl369c 2.081591 1.076327 0.010785137
R v l3 7 9 pyrR 1.5658946 0.6254649 0.02383012
R v l3 8 8 mIHF 1.3936622 0.48325264 0.03713072
R v l4 2 8 c Rvl428c 1.9126794 1.1751746 0.036908407
R v l4 6 0 R vl460 1.9490519 0.79727817 0.002461897
R v l4 6 1 Rvl461 2.070629 1.0435565 0.009458421
R v l4 6 2 R vl462 2.1064212 1.1406968 0.013751001
R v l4 6 3 R vl463 1.6524233 0.5475429 0.003443272
R v l5 0 8 c Rvl508c 1.4482216 0.6214938 0.045384083
R v l 5 0 9 R vl509 2.3312337 1.4856639 0.01670022
R v l5 3 2 c Rvl532c 2.2008634 0.8639247 0.002411518
R v l5 8 9 bioB 1.5868945 0.7286943 0.0^758826
R v l5 9 6 nadC 1.4611211 0.4834844 0.018742565
R v l6 1 7 pykA 1.4272377 0.56725127 0.042968243
R v l6 2 2 c cydB 1.7922443 0.7201897 0.004885765
R v l6 2 3 c appC 1.4104415 0.49592498 0.03482622
R v l6 4 7 R vl647 2.313544 1.0610452 0.002350842
R v l 6 4 8 R vl648 1.5044562 0.6153015 0.029271264
R v l6 5 3 argJ 1.5228705 0.5169237 0.014142972
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R v l6 5 4 argB 1.8076408 0.7233077 0.00662767
R v l6 5 5 argD 1.9415522 0.91549647 0.007941417
R v l6 5 6 argF 1.429063 0.5477494 0.042500786
R v l6 S 8 argG 1.641884 0.86742944 0.04268064
R v l7 0 4 c cycA 1.5335562 0.5958144 0.016864825
R v l7 5 1 Rvl751 1.3727129 0.48497516 0.046573836
R v l7 8 3 R vl783 1.5585743 0.683141 0.025291037
R v l 78 4 Rvl784 1.5271735 0.61608624 0.022337731
R v l 83 2 gcvB 1.3903458 0.49230498 0.041316792
R v l8 9 1 Rvl891 1.4833342 0.5497643 0.02034145
R v l9 1 2 c fadB5 1.6234524 0.80892795 0.034385044
R v l9 1 3 Rvl913 1.6638482 0.89674926 0.041695826
R v l9 1 8 c PPE 1.5665709 0.6391064 0.026066534
R v l9 4 5 R vl945 1.4829317 0.55782896 0.028870355
R v 2 1 0 6 Rv2106 1.8056828 0.87223774 0.014724913
R v 2 1 0 8 PPE 15.25802 12.829322 0.009814664
R v 2 1 6 9 c Rv2169c 1.6637775 0.87887836 0.04469458
R v 2 1 8 5 c Rv2185c 1.3904908 0.50412667 0.045206223
R v 2 1 9 3 ctaE 1.5425348 0.6147482 0.017215975
R v 2 1 9 9 c Rv2199c 1.825921 1.1166468 0.047175482
R v 2 2 2 0 glnAl 1.4547248 0.6322615 0.045740407
R v 2 2 7 9 Rv2279 1.8837771 0.84724593 0.007040643
R v 2 2 8 9 cdh 1.5887978 0.73604757 0.028614182
R v 2 2 9 9 c htpG 1.6002927 0.6785543 0.016706202
R v 2 3 8 3 c mbtB 1.8454444 1.0278685 0.029134786
R v 2 3 9 7 c cysA 2.0303092 0.8889183 0.003310637
R v 2 3 9 9 c cysT 1.8358133 0.6515628 0.001306488
R v 2 4 2 8 ahpC 2.1708412 0.94304776 0.002389358
R v 2 4 2 9 ahpD 1.8120048 1.0195143 0.03334012
R v 2 4 5 0 c Rv2450c 1.9515009 1.0258027 0.012763156
R v 2 4 5 3 c Rv2453c 1.7660818 0.8334083 0.020409573
R v 2 4 5 4 c Rv2454c 1.5803906 0.5214842 0.006382427
R v 2 4 5 5 c Rv2455c 1.6251137 0.7413737 0.021626895
R v 2 4 6 6 c Rv2466c 2.5535436 2.0349896 0.03547327
R v 2 4 6 8 c Rv2468c 1.3765055 0.48645213 0.04534099
R v 2 4 8 3 c Rv2483c 1.7991598 1.04905 0.036066387
R v 2 4 8 4 c Rv2484c 1.4085069 0.5255791 0.03850989
R v 2 5 6 3 Rv2563 1.5780454 0.71054536 0.025993556
R v 2 6 3 3 c Rv2633c 1.6758633 0.6057335 0.004346616
R v 2 6 4 9 Rv2649 1.6897622 0.5641483 0.002681387
R v 2 6 9 0 c Rv2690c 1.5729963 0.62741756 0.022855638
R v 2 8 1 4 c Rv2814c 1.6195238 0.6753555 0.013814034
R v 2 8 8 3 c pyrH 1.3789741 0.49963018 0.045864046
R v 2 8 9 5 c viuB 1.4182552 0.5487003 0.03980278
R v 2 9 1 6 c ffh 1.4324964 0.5864579 0.04527675
R v 2 9 7 2 c Rv2972c 1.7453476 0.89995515 0.0298493
R v 2 9 7 3 c recG 1.64661 0.80247813 0.032783873
R v 2 9 9 6 c serA 1.5374264 0.56512535 0.012440731
R v 3 0 4 3 c ctaD 1.547824 0.7414496 0.04124431
R v 3 1 3 2 c Rv3132c 2.6620753 1.6260128 0.018508399
R v 3 1 3 3 c Rv3133c 10.616831 9.214167 0.013841981
R v 3 1 5 6 nuoL 1.3960582 0.532735 0.046299405
R v 3 1 9 1 c Rv3191c 1.7090323 0.69721115 0.007598949
R v 3 1 9 3 c Rv3193c 1.4506491 0.48757815 0.021654826
R v 3 1 9 4 c Rv3194c 2.0649467 0.819571 0.001223767
R v 3 1 9 6 Rv3196 1.5985912 0.59141004 0.0140992
R v 3 1 9 7 Rv3197 1.3809683 0.48782492 0.043814626
R v 3 1 9 8 c uvrD2 1.5272243 0.50656027 0.010425051
R v 3 1 9 9 c Rv3199c 1.4832907 0.57596093 0.023796834
R v 3 2 0 6 c moeZ 1.4862758 0.552749 0.019814402
R v 3 2 0 8 Rv3208 1.5448685 0.5087137 0.010604149
R v 3211 rhlE 1.5075561 0.48160684 0.011519765
R v 3 2 1 3 c Rv3213c 1.8778777 0.94073814 0.01472267
R v 3 2 1 9 whiBl 1.7062248 0.5400038 0.00189072
R v 3 2 2 2 c Rv3222c 2.1104386 1.2369885 0.01839369
R v 3 2 2 3 c sigH 2.1217628 0.92252123 0.002733748
R v 3 2 2 4 Rv3224 1.5024331 0.49295282 0.01362231
R v 3 2 2 5 c Rv3225c 1.7447568 0.76073647 0.009593607
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R v 3 2 2 6 c Rv3226c 1.6169913 0.7073299 0.018523883
R v 3 2 2 7 aroA 1.6648595 0.6014154 0.010814952
R v 3 2 3 2 c pvdS 2.0219498 0.8928542 0.003994208
R v 3 2 3 3 c Rv3233c 1.5879135 0.61578506 0.01138314
R v 3 2 3 4 c Rv3234c 1.76878 0.6367623 0.002138387
R v 3 2 3 7 c Rv3237c 1.8238333 0.69173396 0.005996919
R v 3 2 4 0 c secA 1.5389856 0.48297948 0.008552334
R v 3 2 4 8 c sahH 1.754855 0.5841692 0.001401678
R v 3 2 5 7 c pmmA 1.6395705 0.7403289 0.019441564
R v 3 2 6 1 Rv3261 1.7885902 0.9938913 0.030650182
R v 3 2 6 2 Rv3262 1.4391629 0.5035192 0.027968219
R v 3 2 6 4 c rmlA2 1.414779 0.5834842 0.049720597
R v 3 2 6 5 c wbbL 1.6718532 0.6545911 0.006840455
R v 3 2 6 6 c rmlD 1.5261035 0.54192793 0.012997048
R v 3 2 7 1 c Rv3271c 1.4980816 0.4930392 0.014230978
R v 3 2 7 2 Rv3272 1.8408698 0.7535765 0.004039588
R v 3 2 7 4 c fadE25 1.8517057 0.8970532 0.013006203
R v 3 2 7 5 c purE 1.6731888 0.7851983 0.020520471
R v 3 2 7 6 c purK 1.5842072 0.6461028 0.015084541
R v 3 2 8 3 sseA 1.4708196 0.48323005 0.01677698
R v 3 2 8 5 accA3 1.4701473 0.5808635 0.027872836
R v 3 2 8 6 c sigF 1.5671272 0.5875852 0.019287374
R v 3 2 8 7 c rsbW 2.425429 1.6401231 0.018856706
R v 3 2 9 3 aldB 1.8305337 0.9457061 0.022879126
R v 3 2 9 5 Rv3295 1.5115005 0.4881788 0.011864467
R v 3 2 9 8 c IpqC 1.6987873 0.6370994 0.005207127
R v 3 3 0 3 c lpdA 1.817481 0.7143304 0.003181557
R v 3 3 0 4 Rv3304 1.8616849 0.78949124 0.005867364
R v 3 3 0 5 c amiA 1.5338514 0.6924038 0.036038995
R v 3 3 0 7 deoD 1.633813 0.6596791 0.010412074
R v 3 3 1 1 Rv3311 1.7344944 0.8658556 0.024790278
R v 3 3 1 3 c add 1.69575 0.6279969 0.008888314
R v 3 3 1 7 sdhD 1.4323045 0.5671725 0.048038773
R v 3 3 1 8 sdhA 1.940192 0.74599046 0.001558952
R v 3 3 1 9 sdhB 1.6956757 0.6601489 0.005706757
R v 3 3 2 6 Rv3326 1.7983737 0.7838382 0.007634229
R v 3 3 2 9 Rv3329 1.5120468 0.67588365 0.036306072
R v 3 3 3 1 sugl 1.5217491 0.54347694 0.016979992
R v 3 3 3 5 c Rv3335c 1.5078648 0.6266334 0.037895635
R v 3 3 4 2 Rv3342 1.6251458 0.7728313 0.026839264
R v 3 3 5 5 c Rv3355c 2.2120285 0.9743067 0.001794642
R v 3 3 5 6 c folD 1.7138462 0.65919834 0.004756267
R v 3 3 6 0 Rv3360 2.0185235 1.381106 0.041177806
R v 3 3 6 2 c Rv3362c 1.5897056 0.57942694 0.00925531
R v 3371 Rv3371 3.164997 1.5829577 0.002191099
R v 3 3 7 3 echA18 1.5823627 0.72023624 0.038250424
R v 3 3 8 0 c Rv3380c 1.8711848 0.9537103 0.016621413
R v 3 3 9 0 lpqD 1.3884552 0.4835174 0.03923724
R v 3 4 0 0 Rv3400 1.6431205 0.71694714 0.018048745
R v 3 4 0 2 c Rv3402c 1.9393705 0.8907914 0.006970512
R v 3 4 1 1 c guaB2 2.0048301 1.3016143 0.04110785
R v 3 4 1 2 Rv3412 1.5813869 0.50698024 0.005642247
R v 3 4 1 4 c sigD 1.6360441 0.71099657 0.015801677
R v 3 4 1 8 c groES 1.6171491 0.7930589 0.03292325
R v 3 4 1 9 c gcp 1.6938608 0.67665076 0.006847885
R v 3 4 2 3 c air 2.1195748 1.1616266 0.011994498
R v 3 4 2 7 c Rv3427c 3.2188287 2.1879578 0.014231293
R v 3 4 9 6 c Rv3496c 1.5601401 0.5749702 0.011349191
R v 3 4 9 8 c Rv3498c 1.425449 0.5753336 0.042687155
R v 3 5 2 4 Rv3524 1.736072 0.6632138 0.003968415
R v 3 5 2 8 c Rv3528c 1.7263316 0.8659789 0.028619591
R v 3 6 7 9 Rv3679 1.5383554 0.4830088 0.008608519
R v 3 7 6 3 ipqH 1.7817649 0.801667 0.010247406
R v 3 7 6 4 c Rv3764c 2.5388715 1.4626143 0.010158041
R v 3 8 0 3 c fbpCl 1.8104953 1.0752966 0.042889196
R v 3 8 0 4 c fbpA 1.3984653 0.48437 0.035690717
R v 3 8 2 4 c papAl 1.4268492 0.5074607 0.0325841
R v 3 8 2 8 c Rv3828c 3.725745 2.3699126 0.008825518
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R v 3 8 3 0 c Rv3830c 2.7990093 1.6296892 0.00533417
R v 3 8 3 1 Rv3831 7.3406167 6.018139 0.013042513
R v 3 8 3 3 Rv3833 2.4697473 1.9125541 0.04493013
R v 3 8 5 3 menG 1.594133 0.80487144 0.041079663
R v 3 8 6 4 Rv3864 2.7352421 1.9547694 0.025520056
R v 3 8 6 5 Rv3865 1.6355516 0.62476707 0.007649127
R v 3 8 6 6 Rv3866 1.5591646 0.4851274 0.007185228
R v 3 8 6 8 Rv3868 1.467621 0.5241417 0.020236863
R v 3 8 7 2 PE 1.7440861 0.69996744 0.005419022
R v 3 8 7 3 PPE 2.259398 1.0784438 0.004415398
R v 3 8 7 4 esxB 2.4604461 1.1665757 0.003082746
R v 3 8 7 5 esxA 2.2956855 1.032726 0.002596099
R v 3 8 7 8 Rv3878 1.4362881 0.48807997 0.025137626
R v 3 8 7 9 c Rv3879c 1.5441909 0.6208945 0.018231863
R v 3 8 8 0 c Rv3880c 1.3838109 0.49368185 0.04457618
R v 3 8 9 0 c Rv3890c 1.6032866 0.67860293 0.016254546
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.4.3.a.i Genes differentially expressed in exponential phase of Beijing 94-1707 unstressed
compared to Beijing 94-1707 stressed in response to low pH stress
R v  n u m b er G e n e  n a m e  L o g  r a t io  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 3 5 fadD34 6.0953155 1.1151437 0.010089991
R v 0 0 3 9 c Rv0039c 3.9077947 1.095722 0.03981143
R v 0 0 4 0 c mtc28 3.4973202 0.92460525 0.04181304
R v 0 0 4 4 c Rv0044c 3.5830302 1.0374483 0.04781254
R v 0 0 7 9 Rv0079 4.222454 1.7139626 0.04071506
R v O lS lc PE 3.052202 1.0734369 0.034773603
R v 0 2 1 8 Rv0218 4.946537 1.1665773 0.021076372
R v 0 3 8 0 c Rv0380c 6.851992 1.2413435 0.001782584
R v 0 3 8 3 c Rv0383c 3.7346742 1.1973059 0.03134582
R v 0 3 8 5 Rv0385 4.711315 1.1188704 0.022680702
R v 0 4 0 0 c fadE7 6.4114566 1.9525498 0.043963633
R v 0 4 2 0 c Rv0420c 3.0742357 0.96706766 0.016850969
R v 0 4 3 4 Rv0434 3.2928584 1.1546133 0.04504256
R v 0 4 4 0 groEL2 5.5072155 1.5549875 0.009473903
R v 0 4 5 6 c echA2 2.8095071 0.9941198 0.033598445
R v 0 4 8 8 Rv0488 3.1876216 1.1418267 0.048238527
R v 0 5 3 8 Rv0538 5.871265 1.6374726 0.026258409
R v 0 5 4 8 c menB 2.4059803 0.7679019 0.04700088
R v 0 8 5 3 c pdc 3.773536 1.0408405 0.017914442
R v 0 8 9 6 gltA2 3.5200412 0.97296405 0.04500851
R v 0 9 1 2 Rv0912 3.3474185 0.9592197 0.005497733
R v 0 9 1 3 c Rv0913c 3.260263 1.1470202 0.025715625
R v 0 9 3 9 Rv0939 4.111578 0.92963105 0.021171296
R v lO l l RvlOll 3.2453206 1.0605108 0.037609234
R v l0 6 4 c lpqV 5.664246 1.928523 0.017052054
R v l0 8 0 c greA 3.4554021 1.4177979 0.017302116
R v l1 0 6 c Rvl106c 5.0986724 1.5250764 0.026955133
R v l l 9 3 fadD36 3.952697 1.01884 0.033419073
R v l2 8 1 c oppD 3.7096398 0.97533923 0.037949108
R v l3 1 0 atpD 3.503581 0.827718 0.005160915
R v l3 2 8 glgP 4.0274057 0.8094424 0.001330172
R v l3 4 9 R vl349 3.3024952 0.9302162 0.005486491
R v l9 6 7 R vl967 5.418362 1.9573573 0.042790145
R v 2 2 3 6 c cobD 6.436881 1.1815895 0.00957915
R v 2 2 5 0 c Rv2250c 3.4530394 0.91715986 0.042996325
R v 2 2 7 6 Rv2276 4.024634 1.0111322 0.002974464
R v 2 2 8 1 pitB 3.283314 1.0229318 0.03560604
R v 2 3 5 5 Rv2355 2.8417857 1.1595627 0.037768252
R v 2 3 6 0 c Rv2360c 3.4871867 1.2146177 0.04492418
R v 2 3 6 4 c bex 2.5848916 0.9444462 0.04872086
R v 2 4 2 9 ahpD 3.3050992 1.1022463 0.009491006
R v 2 4 4 0 c obg 2.6335819 0.7596961 0.043834265
R v 2 5 4 0 c aroF 2.6275146 0.6644448 0.026278414
R v 2 5 9 3 c ruvA 3.4019995 0.9571584 0.048959844
R v 2 6 2 1 c Rv2621c 3.67583 1.0262145 0.04304504
R v 2 6 2 5 c Rv2625c 2.8712757 1.0744101 0.044339698
R v 2 6 2 9 Rv2629 3.140197 1.1799768 0.041063793
R v 2 6 5 8 c Rv2658c 5.07416 1.1168449 0.017874425
R v 2 6 9 2 trkB 3.086134 0.96512914 0.043626785
R v 2 6 9 3 c Rv2693c 3.3363185 1.1559104 0.042639848
R v 2 8 6 4 c Rv2864c 3.34639 1.0021489 0.029789664
R v 3 0 0 3 c ilvB 3.9598818 0.9695885 0.030226829
R v 3 0 0 6 IppZ 4.209942 1.1161088 0.012503213
R v 3 0 4 9 c Rv3049c 3.0779085 1.0665005 0.047685225
R v 3 4 2 7 c Rv3427c 4.3203893 0.90654016 0.019947413
R v 3 7 1 1 c dnaQ 2.7896693 0.6284867 0.019845754
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.4.3.a.ii Genes differentially expressed in exponential phase of Beijing 94-1707 stressed
compared to Beijing 94-1707 unstressed in response to low pH stress
Rv number Gene name Log ratio in expression StdErr P-vaiue
R v l165 R v l165 3.332837 0.650915 0.025325
Rv3175 Rv3175 3.979915 0.68724 0.015271
Rv3672c Rv3672c 2.907021 0.925393 0.046155
Rv3864 Rv3864 3.432145 0.644478 0.02241
Rv3920c Rv3920c 3.431294 1.063997 0.040087
The Rv numbers and gene names are based on the H37Rv genome (Cole etal., 1998).
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Table 4.4.3.b.i Genes differentially expressed in exponential phase of H37Rv unstressed
compared to Beijing 94-1707 unstressed in response to low pH stress
R v  n u m b er G e n e  n a m e L o g  r a tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 3 5 fadD34 1.7135649 0.23565817 0.011224766
R v 0 0 4 8 c Rv0048c 1.6196443 0.3230874 0.0412388
R v 0 0 7 3 Rv0073 9.678293 5.1279955 0.04289923
R v 0 0 7 4 Rv0074 5.1986065 0.32943928 1.25E-04
R v 0 0 7 5 Rv0075 3.361105 0.51881075 4.09E-04
R v 0 1 0 8 c Rv0108c 2.0819683 0.30906785 0.015911488
R v 0 1 1 4 RvOl14 2.054658 0.4745684 0.019448815
R v 0 1 8 6 bglS 2.0365736 0.5568472 0.0454374
R v 0 2 4 2 c fabG4 1.5589591 0.2072302 0.015606338
R v 0 2 5 0 c Rv0250c 2.4418952 0.25671038 0.001054226
R v 0 3 3 7 c aspC 1.5106889 0.22135344 0.030527482
R v 0 3 4 3 Rv0343 1.5385965 0.23748185 0.03837576
R v 0 4 0 5 pks6 2.4876673 0.8570756 0.04151192
R v 0 4 0 6 c Rv0406c 2.995179 0.8546956 0.033121273
R v 0 5 4 1 c Rv0541c 1.8640718 0.3935559 0.021448411
R v 0 5 5 7 Rv0557 1.6003017 0.27094367 0.049964294
R v 0 6 9 4 lldDl 1.4624194 0.2106192 0.03858465
R v 0 6 9 5 Rv0695 1.5711226 0.23204945 0.028136974
R v 0 6 9 6 Rv0696 2.9552176 0.6338973 0.00542158
R v 0 7 2 4 sppA 2.040732 0.46698287 0.02015591
R v 0 8 4 8 cysM3 6.727737 1.5618119 0.04973469
R v 0 8 4 9 Rv0849 2.4116664 0.33473104 0.007927324
R v 0 8 8 8 Rv0888 3.0385127 0.4080303 0.006358541
R v 0 9 6 9 ctpV 1.7306174 0.28025562 0.02760814
R v l0 8 7 PE PGRS 4.3722687 1.3859699 0.043198686
R v l 149 R v l149 1.7341913 0.24946809 0.012283688
R v l l 6 2 narH 1.8141007 0.23849398 0.004903104
R v l1 8 6 c Rvl186c 2.0019727 0.3290289 0.004760792
R v l  19 5 PE 1.5943698 0.22821406 0.022471678
R v l 196 PPE 2.2350988 0.60589194 0.022715766
R v l3 6 1 c PPE 1.7854682 0.21695378 0.003092497
R v l4 7 8 Rvl478 2.2498887 0.3842759 0.04161611
R v l6 3 9 c Rvl639c 5.0045595 2.5133483 0.042874716
R v l7 6 5 c Rvl765c 2.2437015 0.721662 0.046288393
R v l8 7 0 c Rvl870c 2.037113 0.26100177 0.002602008
R v l8 7 1 c Rvl871c 2.0503159 0.4275302 0.019264951
R v l8 7 2 c 1MD2 2.393076 0.33429715 1.63E-04
R v 2 0 1 5 c Rv2015c 1.5476681 0.24615078 0.04049966
R v 2 0 7 7 c Rv2077c 4.5926466 1.445045 0.012813341
R v 2 0 8 1 c Rv2081c 1.8745364 0.35450968 0.015295063
R v 2 0 8 4 Rv2084 2.0594368 0.28315908 0.006278771
R v 2 0 9 2 c helY 2.4177475 0.39437574 0.03248376
R v 2 1 5 9 c Rv2159c 6.6246157 3.231134 0.02676779
R v 2 1 6 1 c Rv2161c 1.7982115 0.31809065 0.045147706
R v 2 2 9 1 sseB 2.4845545 0.2910612 0.001479921
R v 2 3 2 9 c narKl 2.8593655 0.7623293 0.028736236
R v 2 3 3 8 c moeW 2.1824665 0.455605 0.03341725
R v 2 3 3 9 mmpL9 3.9770303 0.4680428 0.001331256
R v 2 3 7 6 c Rv2376c 1.5798109 0.23064381 0.025888896
R v 2 4 1 7 c Rv2417c 1.690479 0.36014134 0.036088075
R v 2 4 7 8 c Rv2478c 3.1881297 1.1285461 0.048275523
R v 2 5 5 2 c aroE 1.6197667 0.2452692 0.024361914
R v 2 5 9 0 fadD9 2.7300415 0.97612786 0.033776317
R v 2 7 2 1 c Rv2721c 1.9457659 0.20968652 8.28E-04
R v 2 7 8 0 aid 1.7568731 0.25984734 0.018937498
R v 2 9 0 6 c trmD 1.7836281 0.32197505 0.032728404
R v 2 9 2 3 c Rv2923c 5.573339 2.955843 0.025243504
R v 2 9 4 8 c fadD22 1.8898144 0.22313341 0.002964709
R v 3 0 0 5 c Rv3005c 1.4719967 0.2233547 0.04360926
R v 3 0 4 3 c ctaD 1.5724926 0.20693272 0.013804291
R v 3 1 3 5 PPE 1.5832634 0.2724855 0.03064504
R v 3 1 4 3 Rv3143 2.283159 0.49399704 0.006199492
R v 3 2 2 9 c desA3 12.230854 2.958119 0.001758641
R v 3 2 7 0 ctpC 2.019835 0.36649412 0.003833682
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R v 3 3 8 2 c lytB 3.454678 0.4259798 0.002094981
R v 3 4 0 8 Rv3408 3.9706933 0.5352427 1.73E-04
R v 3 4 0 9 c choD 6.750251 0.5113498 3.91E-07
R v 3 4 7 7 PE 1.9785362 0.29177666 0.006764064
R v 3 4 7 8 PPE 1.8481541 0.38785994 0.014565881
R v 3 4 8 6 Rv3486 2.537748 0.32392523 0.00531624
R v 3 4 8 7 c lipF 1.8004737 0.37452438 0.03830546
R v 3 6 1 4 c Rv3614c 3.1269796 0.31286076 0.001450257
R v 3 6 1 6 c Rv3616c 6.292894 1.8315443 0.006257841
R v 3 6 7 5 Rv3675 2.2700298 0.5561642 0.027283948
R v 3 6 9 0 Rv3690 2.4714286 0.7356047 0.025003111
R v 3 7 2 6 Rv3726 4.9355493 0.49452075 1.29E-05
R v 3 7 4 9 c Rv3749c 1.9457437 0.4321675 0.034448985
R v 3 8 1 0 pirG 1.5114597 0.21545184 0.027411174
R v 3 8 2 2 Rv3822 2.4353015 0.27041134 2.14E-05
R v 3 8 2 3 c mmpL8 1.8633446 0.25141758 0.009936004
R v 3 8 2 5 c pks2 3.8711624 0.7853297 0.004769093
R v 3841 bfrB 27.589697 14.440255 0.007875447
R v 3 8 5 3 menG 2.2515392 0.35279244 0.035309553
R v 3 8 5 6 c Rv3856c 3.10876 0.34346217 0.001970654
R v 3 9 0 8 Rv3908 1.5889974 0.22710413 0.02294337
The Rv numbers and gene names are based on the H37Rv genome (Cole etal., 1998).
346
Table 4.4.3.b.ii Genes differentially expressed in exponential phase of H37Rv stressed compared
to Beijing 94-1707 stressed in response to low pH stress
R v  n u m b er G e n e  n a m e L o g  r a tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 0 6 gyrA 2.0221379 0.4383415 0.017501894
R v 0 0 0 7 Rv0007 2.0096061 0.53186065 0.03868903
R v 0 0 4 0 c mtc28 2.2434826 0.4297042 0.005569168
R v 0 0 4 2 c Rv0042c 2.3174555 0.68441874 0.04659105
R v 0 0 4 3 c Rv0043c 2.0664804 0.50414723 0.04963015
R v 0 0 4 6 c Rv0046c 1.8537673 0.35636556 0.032567292
R v 0 0 7 5 Rv0075 2.9892519 0.49796847 0.002772117
R v 0 2 4 3 fadA2 1.7474208 0.34848616 0.031217529
R v 0 2 5 0 c Rv0250c 2.0931225 0.5266488 0.0425698
R v 0 4 6 4 c Rv0464c 2.0506032 0.4973204 0.041509733
R v 0 4 6 5 c Rv0465c 4.162688 0.61616355 4.74E-05
R v 0591 Rv0591 3.168115 0.87652457 0.025299998
R v 0 8 2 4 c desAl 1.9740008 0.3915913 0.014002493
R v 0 8 5 9 fadA 1.7322202 0.32928482 0.034180097
R v l0 7 6 lipU 3.6371582 0.8429804 0.013253793
R v l1 0 2 c Rvl102c 2.5109696 0.5811637 0.028418534
R v l3 4 9 R vl349 2.018864 0.48984432 0.030997083
R v l5 0 5 c Rvl505c 1.7969108 0.35489178 0.031249931
R v l8 7 0 c Rvl870c 2.3188062 0.3676435 0.001821616
R v l8 7 1 c Rvl871c 2.0729303 0.35658768 0.024056384
R v l8 7 2 c lldD2 2.8402946 0.39746976 2.99E-04
R v 2 0 9 2 c helY 2.4647477 0.6074684 0.021577539
R v 2 1 5 9 c Rv2159c 7.183793 0.85898876 0.017085953
R v 2 1 9 3 ctaE 1.827852 0.39198557 0.030655762
R v 2 1 9 4 qcrC 2.3301175 0.8003806 0.031590044
R v 2 1 9 6 qcrB 2.2631638 0.5227802 0.01663592
R v 2 3 0 8 Rv2308 4.70014 0.60330325 0.006808999
R v 2 3 5 2 c PPE 4.503139 0.80790323 2.32E-04
R v 2 3 9 1 nirA 2.4697506 0.55806595 0.009556809
R v 2 3 9 2 cysH 2.2992742 0.5268671 0.02209172
R v 2 7 8 0 aid 2.141735 0.48665968 0.028521419
R v 2 9 4 7 c pksl5 2.14888 0.3979075 0.009075633
R v 3 0 4 3 c ctaD 2.187994 0.4424479 0.008246563
R v 3 2 2 9 c desA3 3.1787312 0.57228756 5.12E-05
R v 3 4 0 7 Rv3407 13.113973 9.00551 0.019337378
R v 3 4 0 8 Rv3408 6.3944297 1.0737644 1.98E-05
R v 3 4 0 9 c choD 7.4211106 0.59775364 1.65E-10
R v 3 6 1 4 c Rv3614c 2.831576 0.5177868 0.004705937
R v 3 6 1 5 c Rv3615c 3.1519365 0.5067245 6.49E-05
R v 3 6 1 6 c Rv3616c 3.511595 0.40608063 1.15E-04
R v 3 7 2 6 Rv3726 3.863021 0.76231873 6.70E-04
R v 3 7 5 0 c Rv3750c 9.296406 2.7854648 0.014893849
R v 3 8 2 2 Rv3822 2.5560868 0.32317063 3.08E-04
R v 3 8 3 9 Rv3839 2.3868642 0.31044993 5.41E-04
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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Table 4.4.3.b.iii Genes differentially expressed in exponential phase of Beijing 94-1707 unstressed
compared to H37Rv unstressed in response to low pH stress
R v  n u m b e r G e n e  n a m e  L o g  r a tio  in  e x p r e ss io n S td E r r P -v a lu e
R v 0 0 4 7 c Rv0047c 1.656318 0.349209 0.049933
R v 0 0 7 9 Rv0079 4.532947 1.092555 0.014113
R v 0 1 0 6 Rv0106 2.156378 0.308019 0.002516
R v 0 1 6 5 c Rv0165c 1.467652 0.21936 0.042509
R v 0 2 8 0 PPE 2.43658 0.265468 7.34E-06
R v 0 2 8 1 Rv0281 1.463303 0.217352 0.042736
R v 0 2 8 3 Rv0283 1.791816 0.219109 0.003096
R v 0 2 8 4 Rv0284 1.777097 0.223824 0.00383
R v 0 2 8 8 Rv0288 1.773341 0.276514 0.006535
R v 0 2 9 0 Rv0290 1.713439 0.215745 0.005224
R v 0 2 9 1 Rv0291 1.811038 0.216964 0.002559
R v 0 2 9 2 Rv0292 1.644018 0.215499 0.009045
R v 0 4 4 9 c Rv0449c 2.019468 0.424419 0.031546
R v 0 4 5 0 c mmpL4 3.641965 0.703364 3.63E-04
R v 0 4 5 1 c mmpS4 7.093819 0.363834 3.49E-11
R v 0 4 8 3 Rv0483 1.661967 0.273512 0.01232
R v 0 4 8 5 Rv0485 1.63506 0.2693 0.040528
R v 0 6 8 2 rpsL 1.693596 0.295225 0.011607
R v 0 7 0 0 rpsJ/nusE 1.863211 0.212089 0.001562
R v 0 7 5 7 phoP 1.675673 0.227823 0.012669
R v 0 7 5 9 c Rv0759c 1.534423 0.240553 0.041227
R v 0 7 8 2 ptrBa 5.585323 0.929161 0.003675
R v 0 7 9 4 c lpdB 1.983096 0.291759 0.009635
R v 0 7 9 6 Rv0796 3.981233 0.299745 1.35E-09
R v 0 8 9 2 Rv0892 1.772785 0.321926 0.019741
R v l0 4 6 c Rvl046c 1.480018 0.206182 0.030584
R v l l 5 1 c Rvll51c 1.607286 0.252284 0.029305
R v l 161 narG 1.742205 0.312125 0.033231
R v l2 2 1 sigE 1.837658 0.247706 0.010705
R v l 29 3 lysA 1.503763 0.232317 0.045935
R v l3 2 5 c PE PGRS 1.865487 0.399145 0.043497
R v l3 4 3 c Rvl343c 2.036465 0.308601 0.018291
R v l3 4 6 fadE14 2.150999 0.484473 0.01436
R v l3 4 7 c Rvl347c 6.162189 1.440962 0.040812
R v l3 4 8 Rvl348 4.455116 0.576446 2.68E-04
R v l3 4 9 R vl349 3.346434 0.525988 7.64E-05
R v l3 6 9 c Rvl369c 6.362237 0.981333 3.26E-05
R v l3 8 7 PPE 1.555656 0.22318 0.027463
R v l4 4 9 c tkt 1.533737 0.276095 0.048709
R v l4 6 1 Rvl461 3.310723 0.864078 0.010716
R v l4 6 2 Rvl462 3.992239 0.239192 2.83E-06
R v l4 6 3 Rvl463 1.927531 0.347819 0.01026
R v l 4 6 4 R vl464 2.627051 0.267073 6.85E-04
R v l4 8 3 fabGl 1.744427 0.241039 0.010052
R v l5 3 2 c Rvl532c 2.675444 0.342232 7.80E-04
R v l5 3 3 R vl533 1.864095 0.264851 0.011845
R v l5 9 1 Rvl591 2.023974 0.302513 0.018041
R v l5 9 2 c Rvl592c 1.73164 0.300986 0.03422
R v l5 9 6 nadC 1.665434 0.2144 0.007432
R v l6 7 6 R vl676 1.661538 0.235918 0.023251
R v l8 1 5 Rvl815 1.704677 0.259578 0.015851
R v l8 3 2 gcvB 1.49164 0.219775 0.03492
R v l9 0 7 c Rvl907c 2.22865 0.354883 0.037287
R v 2 0 1 6 Rv2016 3.284721 0.856534 0.044865
R v 2 1 0 6 Rv2106 3.721692 0.208883 3.98E-07
R v 2 1 6 7 c Rv2167c 3.219854 0.308379 8.98E-07
R v 2 2 7 7 c Rv2277c 2.442905 0.307308 0.001005
R v 2 2 7 9 Rv2279 3.985615 0.840507 0.001383
R v 2 3 5 5 Rv2355 4.461674 0.746813 2.95E-04
R v 2 3 7 9 c mbtF 3.920003 0.871295 7.99E-04
R v 2 3 8 0 c mbtE 5.824143 1.002563 9.32E-04
R v 2 3 8 1 c mbtD 4.488863 2.166785 0.025979
R v 2 3 8 2 c mbtC 2.829603 1.180417 0.044996
R v 2 3 8 3 c mbtB 9.120491 0.624943 1.73E-06
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R v 2 3 8 4 mbtA 2.221178 0.635513 0.022556
R v 2 3 8 5 lipK 3.678207 0.620182 6.04E-04
R v 2 3 8 6 c trpE2 6.71198 3.96639 0.045055
R v 2 4 2 8 ahpC 2.330881 0.67824 0.033975
R v 2 4 7 9 c Rv2479c 3.288466 0.643257 0.0013
R v 2 4 9 5 c pdhC 1.51588 0.207415 0.022795
R v 2 5 2 8 c mrr 2.440882 0.412776 0.034088
R v 2 6 4 9 Rv2649 4.429149 0.263618 1.91E-06
R v 2 6 6 0 c Rv2660c 16.2899 10.11705 0.010466
R v 2 6 6 1 c Rv2661c 4.352777 0.716845 0.004772
R v 2 7 0 6 c Rv2706c 2.660604 0.705702 0.038904
R v 2 7 9 2 c Rv2792c 2.386785 0.299218 0.006137
R v 2 8 1 4 c Rv2814c 3.134243 0.389049 1.11E-05
R v 2 8 8 3 c pyrH 1.531113 0.237115 0.040274
R v 2 9 0 4 c rplS 1.703949 0.237674 0.012362
R v 2 9 3 0 fadD26 2.186671 0.260002 0.001217
R v 2 9 3 5 ppsE 27.26729 12.63878 0.005617
R v 2 9 3 6 drrA 2.311548 0.220931 1.22E-04
R v 2 9 3 9 papA5 1.642973 0.267633 0.028489
R v 2 9 7 1 Rv2971 1.507366 0.217829 0.029579
R v 2 9 7 3 c recG 1.768426 0.27738 0.02207
R v 2 9 9 0 c Rv2990c 1.620031 0.263952 0.015079
R v 3 0 4 8 c nrdG 2.721925 0.457774 0.001911
R v 3 0 8 1 Rv3081 3.152978 0.746579 0.006297
R v 3 1 3 2 c Rv3132c 7.831159 3.69916 0.039986
R v 3 1 3 3 c Rv3133c 14.98708 3.194983 1.93E-04
R v 3 1 3 4 c Rv3134c 4.405716 0.989382 0.003956
R v 3 1 8 2 Rv3182 2.191151 0.335028 0.003675
R v 3 1 8 5 Rv3185 4.276135 0.30809 8.49E-09
R v 3 1 8 7 Rv3187 4.496832 1.75855 0.015955
R v 3 2 4 8 c sahH 1.471285 0.214294 0.037972
R v 3 2 8 1 Rv3281 1.688666 0.267727 0.045573
R v 3 2 8 3 sseA 1.952627 0.207044 7.39E-04
R v 3 3 0 3 c lpdA 1.806004 0.330053 0.048051
R v 3 3 0 7 deoD 1.719998 0.255543 0.021767
R v 3 3 0 8 pmmB 1.548379 0.234375 0.034251
R v 3 3 1 7 sdhD 1.552642 0.247945 0.04007
R v 3 3 2 0 c Rv3320c 1.820621 0.2962 0.020947
R v 3 3 2 2 c moaE3 4.04364 0.787899 4.02E-04
R v 3 3 2 6 Rv3326 4.0388 0.711673 1.55E-04
R v 3 3 3 6 c trpS 1.978154 0.291947 8.44E-04
R v 3 3 4 2 Rv3342 1.763076 0.288916 0.009602
R v 3 3 5 6 c folD 1.612912 0.272754 0.047496
R v 3 3 7 1 Rv3371 2.522974 0.299926 7.15E-05
R v 3 3 7 3 echA18 1.689662 0.26649 0.029222
R v 3 3 7 6 Rv3376 1.715766 0.270564 0.010734
R v 3 3 8 0 c Rv3380c 3.886851 0.235123 3.26E-06
R v 3 3 8 9 c Rv3389c 2.534366 0.28324 0.003638
R v 3 3 9 0 ipqD 1.872783 0.381217 0.013356
R v 3 3 9 7 c phyA 2.057636 0.436607 0.021095
R v 3 4 0 0 Rv3400 1.83343 0.238486 0.005531
R v 3 4 0 2 c Rv3402c 10.03849 1.370142 3.68E-05
R v 3 4 0 3 c Rv3403c 2.797849 0.294581 9.67E-07
R v 3 4 0 4 c Rv3404c 2.065515 0.503215 0.019433
R v 3 4 1 1 c guaB2 1.556647 0.233653 0.03195
R v 3 4 1 2 Rv3412 1.996457 0.216427 6.99E-04
R v 3 4 1 8 c groES 1.658186 0.292466 0.027575
R v 3 4 3 5 c Rv3435c 1.635485 0.269239 0.040407
R v 3 4 3 6 c glmS 1.506565 0.239915 0.049819
R v 3 4 4 2 c rpsl 1.862707 0.22296 0.002021
R v 3 4 4 3 c rplM 2.545783 0.479935 0.001231
R v 3 4 5 6 c rplQ 1.669947 0.209066 0.006386
R v 3 4 5 7 c rpoA 1.464308 0.220667 0.044632
R v 3 4 5 9 c rpsK 2.233977 0.205465 1.24E-04
R v 3 4 6 0 c rpsM 1.915354 0.436988 0.019105
R v 3 4 6 1 c rpmJ 4.302275 0.844785 8.42E-04
R v 3 4 6 4 rmlB 2.332912 0.366469 5.23E-04
R v 3 4 7 5 Rv3475 3.955728 0.271905 4.79E-08
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R v 3 4 9 6 c Rv3496c 1.632787
R v 3 4 9 9 c mce4 1.811081
R v 3 5 1 9 Rv3519 1.845284
R v 3 5 2 0 c Rv3520c 1.691119
R v 3 5 2 4 Rv3524 2.604852
R v 3 5 2 8 c Rv3528c 1.595569
R v 3 5 4 5 c Rv3545c 2.911147
R v 3 5 6 9 c Rv3569c 1.892369
R v 3 5 7 8 arsB2 2.087714
R v 3 5 8 2 c Rv3582c 1.600607
R v 3 5 8 6 Rv3586 1.492832
R v 3 5 9 3 lpqF 2.003309
R v 3 6 0 3 c Rv3603c 1.603673
R v 3 6 0 7 c folX 1.583383
R v 3 6 5 1 Rv3651 1.751489
R v 3 8 2 8 c Rv3828c 2.418408
R v 3 8 2 9 c Rv3829c 12.23558
R v 3 8 3 1 Rv3831 6.46411
R v 3 8 3 2 c Rv3832c 3.067442
R v 3 8 3 3 Rv3833 2.206097
R v 3 8 3 9 Rv3839 2.159292
R v 3 8 6 4 Rv3864 1.930345
R v 3 8 6 6 Rv3866 1.598309
R v 3 8 7 3 PPE 2.056312
R v 3 8 7 4 esxB 2.230525
R v 3 8 7 5 esxA 1.643144
R v 3 8 7 8 Rv3878 1.478222
The Rv numbers and gene names are based o
0.232554 0.018388
0.299404 0.006779
0.294225 0.011937
0.26472 0.0284
0.781391 0.016767
0.239848 0.026605
0.522536 0.01044
0.344517 0.01778
0.432706 0.021179
0.211772 0.011996
0.226526 0.045949
0.241044 0.00219
0.237959 0.033441
0.259334 0.03773
0.317724 0.01639
0.372744 8.86E-04
1.958803 6.79E-05
1.319276 0.001831
0.571697 0.001008
0.303043 0.010399
0.324826 0.036132
0.267267 7.29E-04
0.241596 0.026065
0.235872 3.00E-04
0.223301 1.25E-04
0.208166 0.007802
0.224498 0.049823
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Table 4.4.3.b.iv Genes differentially expressed in exponential phase of Beijing 94-1707
stressed compared to H37Rv stressed in response to low pH stress
R v  n u m b er G e n e  n a m e L o g  r a tio  in  e x p r e ss io n S td E r r  P -v a lu e
R v 0 0 7 9 Rv0079 5.020566 1.111509 2.69E-04
R v 0 0 8 0 Rv0080 3.757114 0.470427 0.00181
R v 0 1 0 6 Rv0106 1.615159 0.265997 0.026939
R v 0 4 5 1 c mmpS4 1.879407 0.379491 0.013461
R v 0 4 8 5 Rv0485 2.471519 0.767877 0.019942
R v 0 5 9 4 Rv0594 2.683206 0.477906 0.011584
R v 0 6 7 6 c mmpL5 2.022379 0.255367 0.00141
R v 0 7 5 7 phoP 1.603778 0.233305 0.031462
R v 0 7 8 2 ptrBa 3.269457 0.940608 0.002641
R v l0 5 7 R vl057 2.667948 0.519264 0.037159
R v l3 6 9 c R vl369c 9.614893 1.326552 5.44E-05
R v l5 9 6 nadC 1.757691 0.214594 0.005738
R v l8 1 5 Rvl815 1.512127 0.235347 0.045052
R v 2 0 3 3 c Rv2033c 2.018014 0.598993 0.043657
R v 2 1 8 4 c Rv2184c 1.65341 0.314563 0.026806
R v 2 2 7 9 Rv2279 6.669697 0.496882 2.64E-09
R v 2 3 5 5 Rv2355 4.169956 2.018994 0.033415
R v 2 4 7 9 c Rv2479c 3.253464 1.294951 0.043921
R v 2 4 9 4 Rv2494 1.870323 0.436575 0.046103
R v 2 6 4 8 Rv2648 2.310281 0.501404 0.007573
R v 2 6 6 0 c Rv2660c 7.667359 4.276206 0.032755
R v 2 8 1 4 c Rv2814c 3.52473 0.852269 0.01622
R v 2 8 8 3 c pyrH 1.525721 0.215312 0.03032
R v 2 9 3 7 drrB 2.045236 0.274444 0.012892
R v 2 9 7 2 c Rv2972c 1.950077 0.292913 0.047041
R v 2 9 8 9 Rv2989 2.10686 0.577739 0.034802
R v 3 1 3 2 c Rv3132c 2.944988 0.698263 0.006672
R v 3 1 8 2 Rv3182 1.633215 0.251378 0.033307
R v 3 2 0 3 lipV 2.419413 0.36513 0.027959
R v 3 2 8 3 sseA 1.648657 0.266145 0.021196
R v 3 2 8 4 Rv3284 1.598588 0.246439 0.020885
R v 3 2 9 7 nei 1.883911 0.418196 0.023167
R v 3 2 9 8 c lpqC 3.092308 1.014872 0.031621
R v 3 3 0 4 Rv3304 1.69443 0.297804 0.025353
R v 3 3 3 5 c Rv3335c 2.278764 0.573325 0.040429
R v 3 3 7 1 Rv3371 2.496072 0.315489 0.005441
R v 3 3 8 9 c Rv3389c 2.560636 0.526051 0.044571
R v 3 3 9 0 ipqD 1.482835 0.225653 0.048908
R v 3 3 9 1 acrAl 2.507564 0.407344 0.002768
R v 3 4 0 0 Rv3400 2.025228 0.268167 9.21E-04
R v 3 4 0 4 c Rv3404c 1.943874 0.349345 0.005643
R v 3 4 1 2 Rv3412 1.847783 0.270837 0.005756
R v 3 4 1 3 c Rv3413c 2.135427 0.260761 8.03E-04
R v 3 4 4 2 c rpsl 1.589239 0.262636 0.031033
R v 3 4 5 4 Rv3454 3.050594 1.311419 0.048405
R v 3 4 5 5 c truA 1.77127 0.310114 0.029963
R v 3 4 6 1 c rpmJ 1.738776 0.226267 0.008084
R v 3 4 6 4 rmlB 1.768339 0.277657 0.010959
R v 3 4 6 5 rmlC 1.778496 0.253134 0.015536
R v 3 4 6 7 Rv3467 1.772216 0.213879 0.005143
R v 3 4 8 0 c Rv3480c 1.902653 0.363079 0.019873
R v 3 4 9 8 c Rv3498c 1.833105 0.256151 0.02262
R v 3 4 9 9 c mce4 1.587169 0.26004 0.037128
R v 3 5 1 9 Rv3519 1.731022 0.261615 0.010957
R v 3 5 2 4 Rv3524 2.217095 0.420315 0.001487
R v 3 5 8 5 radA 1.800603 0.259212 0.013832
R v 3 8 3 1 Rv3831 9.392752 3.903499 0.00547
R v 3 8 6 4 Rv3864 1.758128 0.292281 0.014602
R v 3 8 6 6 Rv3866 1.491087 0.214309 0.038919
R v 3 8 7 4 esxB 2.043572 0.254204 0.001209
R v 3 8 7 5 esxA 2.09313 0.251868 0.00357
The Rv numbers and gene names are based on the H37Rv genome (Cole et al., 1998).
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